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1

ENZASTAURIN AND FRAGILE HISTIDINE
TRIAD (FHIT)-INCREASING AGENTS FOR
THE TREATMENT OF PULMONARY
HYPERTENSION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national phase filing of Inter-
national Patent Application Serial No. PCT/US2018/

033533, entitled “ENZASTAURIN AND FRAGILE HIS-
TIDINE TRIAD (FHIT)-INCREASING AGENTS FOR
THE TREATMENT OF PULMONARY HYPERTEN-
SION,” which claims benefit of priority to U.S. Provisional
Patent Application Senial No. 62/508,881, filed May 19,
2017, the contents of the above applications are incorporated
herein by reference 1n their entireties for all purposes.

GOVERNMENT RIGHTS

This invention was made with Government support under
contracts KOSHL107450-01 and RO1 HL128734-01A1
awarded by the National Heart Lung and Blood Institute,
and contracts 1U19AI109662, UI19AI057229, and
U541117925 awarded by the National Institute of Allergy
and Infectious Diseases. The Government has certain rights
in the mvention.

TECHNICAL FIELD

The present invention relates to the field of pharmacog-
enomics, which applies one or more genomic biomarkers
and the related diagnostic methods, devices, reagents, sys-
tems, and kits, for predicting varied individual responses
such as, for example, eflicacy or adverse eflect, to the
selection and use of therapeutic agents for treating certain
conditions including pulmonary hypertension. It relates to
the use of enzastaurin and other agents that elevate or induce
the Fragile Histidine Triad (FHIT) for treating conditions in
which FHIT 1s deficient. In particular, 1t relates to biomark-
ers useful in connection with treatment of pulmonary hyper-
tension, emphysema, and other conditions associated with
reduced or insuflicient FHIT, using enzastaurin and other
FHIT-elevating agents. These FHIT-elevating agents are
useiul 1n treating diseases that present with elevated right
ventricle systolic pressure (RVSP), right ventricle hypertro-
phy, cardiac fibrosis, pulmonary vasculature remodeling
(1.e., blood wvessel loss and vessel muscularization) or
emphysema, found in diseases covered by the WHO clas-
sifications for Pulmonary Hypertension, such as (but not
limited to) Pulmonary Hypertension (PH), Pulmonary Arte-
rial Hypertension (PAH), Chronic Obstructive Pulmonary
Disease (COPD) and emphysema.

BACKGROUND

Pulmonary Arterial Hypertension (PAH) 1s a devastating,
disease, characterized by progressive, occlusive pulmonary
vasculopathy, ultimately leading to right-side heart failure
and a considerably shortened life-span. Mutations 1n the
Bone Morphogenetic Receptor 2 (BMPR2) gene are present
in ~75% of familial PAH (FPAH) patients (1), clearly
linking BMPR2 to the pathogenesis of the disease. Although
BMPR2 mutations and reduced BMPR2 expression were
reported 1n many idiopathic PAH (IPAH) and FPAH patients
(2-4), surprisingly only a relatively small proportion (~20%)
of BMPR2 mutation carriers develop a climcal PAH phe-
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notype, suggesting additional environmental or genetic fac-
tors or ‘second hits’ mvolved 1n disease development, by
either reducing BMPR?2 signaling below a critical threshold
or targeting BMPR2-independent pathways relevant for
PAH pathogenesis.

Current PAH treatments are inadequate, as most approved
PAH drugs primanly function as vasodilators or potential
RV stabilizers(S), leaving the pulmonary vasculopathy to
progress unchecked. There 1s a need for new therapeutic
methods for treating pulmonary hypertension, including
PAH, and emphysema. The present invention provides
improved methods that are believed, without being bound by
theory, to operate by increasing the level of FHIT. Thera-
peutic targeting of BMPR2 signaling 1s considered an attrac-
tive strategy to improve PAH (6-9), independent of the
BMPR2 mutational status, as 1t has been shown effective
with the repurposed drug FK506 that increases BMPR2
signaling(10-12). Our goal was therefore to identily and
pharmaceutically target BMPR2 modifier genes to increase
BMPR2 signaling or expression in FPAH and IPAH patients
and others with reduced FHIT expression or activity.

The data provided herein combines a systematic High
Throughput siRNA Screen (HTS) of genes that regulate
BMPR2 signaling with a novel multi-cohort and multi-tissue
analysis approach of publicly available PAH RNA expres-
sion. The siRNA screen 1dentified BMPR2 activating genes
that—when knocked down—reduced BMPR?2 signaling as
assessed by ID1 expression. Cross-validating these genes
with genes consistently downregulated 1n the publicly avail-
able PAH gene expression dataset, showed that BMPR2
modifier genes are clinically relevant in PAH. The results
indicate that upregulation of these genes would 1mprove
clinical outcomes for subjects with pulmonary hypertension
and similar disorders, and show that Fragile Histidine Triad
(FHIT) 1s a potential modifier gene 1n PAH, and that reduced
FHIT expression was associated with reduced BMPR2 sig-
naling and endothelial cell (EC) dystunction in vitro and in
VIVO.

FHIT 1s a member of the histidine triad family, located on
chromosome 3, overlapping the FRA3B locus(13), the
human common fragile site most susceptible to replication
stress and associated deletions. The tumor suppressor gene
FHIT 1s readily lost after exposure to carcinogens or stress-
ors, such as cigarette smoke and UV 1rradiation(14, 15).
FHIT 1s highly expressed in the lung(16), and 1s commonly
lost 1n lung cancer and other malignancies(17, 18). More-
over, FHIT 1s implicated in apoptosis and proliferation in
various cell types(19, 20), potentially linking 1t to the
abnormal proliferative phenotype observed in PAH endothe-
lial and smooth muscle cells (PASMC). FHIT and BMPR2
expression were up-regulated by Enzastaurin, a sate and
well tolerated drug tested in a phase III clinical trial to
prevent lymphoma relapse(21). It has surprisingly been
shown herein that increasing FHIT by Enzastaurin prevented
and reversed experimental PH progression. This demon-
strates that FHIT 1s mechanistically important in PH patho-
genesis, and that Enzastaurin or other FHIT-enhancing
agents would be useful for clinical treatment of PAH and
similar FHIT-deficient conditions. abstract (22).

The following summary 1s not intended to be used to limit
the scope of the claimed subject matter. Other features,
details, utilities, and advantages of the claimed subject
matter will be apparent from the detailed description includ-
ing those aspects disclosed 1n the accompanying drawings

and 1n the appended claims.

SUMMARY OF ASPECTS OF THE INVENTION

One embodiment of the present invention comprises the
use of FHIT as a biomarker for the prediction of PH disease
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status. Another embodiment of the present invention com-
prises the use of FHIT-elevating agent Enzastaurin, or other
FHIT-elevating agents due to their function as FHIT-elevat-
ing agents, independent of PKC inhibition, as a preventative
or ameliorating therapeutic strategy 1n mammals with risk
tactors for the development of pulmonary hypertension or
symptoms thereol. Another embodiment of the present
invention comprises a method of reducing pulmonary hyper-
tension 1n a mammal exhibiting symptoms of pulmonary
hypertension that employs FHIT-elevating agent Enzastau-
rin or other FHIT-elevating agents to elevate FHIT levels. In
certain embodiments, the method comprises administering
FHIT-elevating agent Enzastaurin or other FHIT-elevating
agents to a mammal having pulmonary arterial hypertension
at a dosage suflicient to reduce blood pressure and elevate
FHIT levels. In some cases, the mammal may be a mouse,
a rat or a human. In particular cases, the mammal has
hereditary pulmonary arterial hypertension (e.g., FPAH)
caused by a one allele knockout of the BMPR2 gene. In
particular cases, pulmonary hypertension was caused by a
homozygous knockout of the FHIT gene on both alleles. In
particular cases, the pulmonary hypertension was caused by
the induction of FHIT, for example by inducing experimen-
tal pulmonary hypertension after administering Sugen3416
and exposure to chronic hypoxia. In particular cases, the
FHIT-elevating agent Enzastaurin or other FHIT-elevating
agents may be administered orally at a dose suflicient to
achieve a reduction 1n right ventricle size and right ventricle
systolic pressure.

In one aspect, the invention provides a method for pre-
venting and/or treating pulmonary hypertension and/or
emphysema 1n a subject 1n need of prevention and/or treat-
ment, which method comprises administering an eflective
amount of:

1) an agent that provides for or enhances level and/or an

activity of Fragile Histidine Triad (FHIT); and/or

2) Enzastaurin, to said subject.

This aspect includes the use of Enzastaurin in therapy, and
particularly the use of Enzastaurin for treating pulmonary
hypertension or emphysema. It also includes the use of
Enzastaurin for the manufacture of a medicament, particu-
larly a medicament for treating pulmonary hypertension or
emphysema.

In another aspect, the mvention provides a combination
with therapeutic utility that comprises:

1) an agent that provides for or enhances level and/or an
activity of Fragile Histidine Triad (FHIT) 1n a subject
and/or Enzastaurin; and

2) a second prophylactic or therapeutic agent for prevent-
ing and/or treating pulmonary hypertension and/or
emphysema.

In another aspect, the invention provides a pharmaceutical
composition, which comprises an eflective amount of
enzastaurin, or a combination comprising enzastaurin such
as those described above, and a pharmaceutically acceptable
carrier or excipient. This aspect includes use of an agent that
increases activity of FHIT, such as enzastaurin, for the
manufacture of a medicament, that preferably includes a
pharmaceutically acceptable carrier or excipient. It further
provides the use 1n therapy of a combination comprising an
agent that increases activity of FHIT, such as enzastaurin,
and at least one pharmaceutically acceptable carrier or
excipient, where the use 1n therapy 1s use to treat pulmonary
hypertension or emphysema, including forms of these con-
ditions described herein, such as FPAH, PAH, and/or 1iPAH.

In another aspect, the mvention provides a method for
preventing and/or treating pulmonary hypertension and/or
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emphysema 1n a subject 1n need of such prevention and/or
treatment, which method comprises administering an eflec-
tive amount ol enzastaurin, or a combination comprising
enzastaurin such as those described above, a pharmaceutical
composition comprising an effective amount of enzastaurin,
including a combination comprising enzastaurin such as
those described above, to said subject.

In yet another aspect, the invention provides a method for
assessing pulmonary hypertension and/or emphysema 1n a
subject, which method comprises:

a) providing a sample from a subject;

b) assessing FHIT and/or BMPR2 level and/or activity 1n
said sample to assess pulmonary hypertension and/or
emphysema 1n said subject.

In yet another aspect, the invention provides a method for
selecting a subject having pulmonary hypertension for treat-
ment with enzastaurin or a composition comprising
enzastaurin, which method comprises:

a) providing a sample from a subject;

b) assessing FHIT and/or BMPR2 level and/or activity 1n
saild sample to assess suitability of enzastaurin for
treating pulmonary hypertension and/or emphysema in
said subject. A subject 1s deemed suitable for treatment
with Enzastaurin or other FHIT-elevating agents if the
level of FHIT and/or BMPR2 1s low (e.g., at least 50%
below, or at least 80% below a normal level) or is
undetectable.

In yet another aspect, the imnvention provides a method of
reducing pulmonary hypertension or emphysema 1n a mam-
mal, comprising: administering an effective amount of Frag-
1le Histidine Triad (FHIT)-elevating agent Enzastaurin or
other FHIT-elevating agents to the mammal having pulmo-
nary hypertension or emphysema, wherein the administered
dosage 1s below 1000 mg/day and 1s suflicient to reduce
blood pressure of said mammal.

In yet another aspect, the invention provides a method of
reducing pulmonary hypertension or emphysema 1n a mam-
mal with low or undetectable levels of FHIT, comprising:

obtaining a blood sample from the mammal;

determiming the level of FHIT 1n the blood sample; and

administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1i the sample has a low or undetectable level of
FHIT.

In yet another aspect, the invention provides a method of
reducing pulmonary hypertension or emphysema 1n a mam-
mal with low or undetectable levels of FHIT, comprising:

a. obtaining a tissue sample from the mammal;

b. determining the level of FHIT 1n the tissue sample; and

c. administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f the sample has a low or undetectable level of
FHIT.

In yet another aspect, the imnvention provides a method of
reducing pulmonary hypertension or emphysema 1n a mam-
mal with low or undetectable levels of BMPR2, comprising;:

a. obtaining a blood sample from the mammal;

b. determining the level of BMPR2 1n the blood sample;
and

c. administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f the sample has a low or undetectable level of

BMPR2.
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In yet another aspect, the invention provides a method of
reducing pulmonary hypertension or emphysema in a mam-
mal with low or undetectable levels of BMPR2, comprising;:

a. obtaining a tissue sample from the mammal;

b. determining the level of BMPR2 1n the tissue sample;

and

¢. admimstering an effective amount of FHIT-clevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-

sema, 1i the sample has a low or undetectable level of
BMPR2.

In yet another aspect, the invention provides a method of
reducing pulmonary hypertension or emphysema in a mam-
mal with a mutation of BMPR2, comprising:

a. obtaining a tissue sample from the mammal;

b. analyzing the tissue sample for a BMPR2 mutation; and

c. admimstering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f a BMPR2 mutation was detected.

In yet another aspect, the mvention provides a method of
reducing pulmonary hypertension or emphysema in a mam-
mal with a mutation of BMPR2, comprising:

a. obtaining a blood sample from the mammal;

b. analyzing the blood sample for a BMPR2 mutation; and

¢. admimstering an effective amount of FHIT-clevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f a BMPR2 mutation was detected.

In yet another aspect, the mvention provides a method of
reducing pulmonary hypertension or emphysema in a mam-
mal with a mutation of FHIT, comprising:

a. obtaining a tissue sample from the mammal;

b. analyzing the tissue sample for a FHIT mutation; and

¢. administering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1 a FHIT mutation was detected.

In yet another aspect, the mvention provides a method of
reducing pulmonary hypertension or emphysema in a mam-
mal with a FHIT mutation, comprising:

a. obtaiming a blood sample from the mammal;

b. analyzing the blood sample for a FHIT mutation; and

c. admimstering an effective amount of FHIT-clevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1 a FHIT mutation was detected.

In any of the preceding embodiments, the treatment can
comprise administering to a subject in need thereof a phar-
maceutically effective amount of a bisindolylmaleimide or
an analogue or derivative thereof having activity that
clevates FHIT levels or activity. In one embodiment, the
bisindolylmaleimide or analogue or derivative 1s Enzastau-
rin or an analogue or derivative thereof: 1n particular, the
bisindolylmaleimide 1s Enzastaurin, which can be adminis-
tered as a neutral compound or a pharmaceutically accept-
able salt of Enzastaurin

Further aspects and specific embodiments of the invention
are described and enabled herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1K: Male FHIT-/- C57/BL/6 mice develop
experimental PAH after chronic exposure to Hypoxia.
FIGS. 2A-2F: Female FHIT—/- C5/BL/6 mice develop

experimental PAH after chronic exposure to Hypoxia.
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FIGS. 3A-3F: Enzastaurin prevents the development of
hypoxia-induced experimental PAH 1n C37BL/6 mice.

FIGS. 4A-4F: Enzastaurin reverses the Vascular occlu-
sion, emphysema, cardiac fibrosis and improves Cardiac
output 1 Sugen 5416/hypoxia rats.

FIG. 5: Enzastaurin requires FHIT, but not PKC to reverse
pulmonary hypertension.

FIGS. 6 A-6C: Identification of BMPR2 regulatory genes
by siRNA high throughput screen and PAH meta-analysis.

FIGS. 7TA-7I: Attenuated FHIT expression in PAH corre-
lates with decreased BMPR2 expression.

FIGS. 8A-8M: mRNA expression and microRNA profil-
ing in siFHIT PAEC.

FIGS. 9A-9]: Enzastaurin increases expression of the
BMPR2 upstream signalling molecule FHIT in PAECs and
reverses PAH-specific functional deficits 1in tube formation,
apoptosis, DNA damage and proliferation in FHIT deficient
PAEC.

FIGS. 10A-10I: Fhit—/— C37BL/6 mice develop experi-
mental PH after chronic exposure to Hypoxia.

FIGS. 11A-11K: Enzastaurin reverses hemodynamic
parameters, severe vascular remodelling, pulmonary emphy-
sema, cardiac fibrosis and RVH 1 SUGEN 5416/hypoxia
rats.

FIG. 12: FHIT protein expression in Fhit—/— mice com-
pared to C57BL/6 controls 1n normoxia versus 3 weeks
chronic hypoxia as well as 4 weeks re-oxygenation.

FIGS. 13A-13D: PKC and p-PKC protein expression in
Sprague Dawley rat lungs, comparing Normoxia and Sugen/
Hypoxia conditions after 3 weeks of Enzastaurin treatment.

FIGS. 14A-14C 24 h treatment with Enzastaurin increases
FHIT, BMPR2 and Id1 expression in PAECs 1n which FHIT
1s reduced by siRINA.

FIGS. 15A-15F: PKC ihibition by pharmaceutical PKC
inhibitors, other than FEnzastaurin, does not increase
BMPR2-signaling and FHI'T expression.

FIG. 16: Enzastaurin, but not PKCp inhibitor Ly333531,
decreases Caspase 3/7-mediated apoptosis in PAECs.

FIGS. 17A-17B: Representative Immunohistochemistry
slides from IPAH patient (without a BMPR2 mutation).

FIGS. 18A-18F: Fhit—/— C57BL/6 mice develop experi-
mental PAH after chronic exposure to Hypoxia.

FIGS. 19A-19H: Sex difference in BMPR2 expression 1n
FPAH and Carriers versus healthy controls.

FIGS. 20A-20C: 24 h treatment with Enzastaurin
increases FHIT, BMPR2 and Id1l expression in PAECs 1n
which FHIT 1s reduced by siRNA.

FIGS. 21 A-21D: Reduction of BMPR2 and ID1 1n PAEC
by FHIT knockdown i1s 1n part miR17-5 dependent.

FIG. 22: WT and FHIT -/- C37BL/6 mice do not develop
RV fibrosis following hypoxic treatment.

FIGS. 23A-23C: Enzastaurin protects from increased
RVSP and up-regulates BMPR2/Id1 mRNA 1n hypoxia in

FHIT -/- mice.

FIGS. 24 A-24G: Enzastaurin prevents the development of
hypoxia-induced experimental PAH 1n C57BL/6 mice.

FIGS. 25A-25D: FK506 and Enzastaurin have additional
cllects on BMPR2/1d1, but not FHIT mRNA 1n wildtype
C57BL/6 mice in hypoxia, protecting from increases 1in
RVSP.

FIG. 26: Representative MOVAT lung histology 1n
Sprague Dawley rat lungs, comparing Normoxia and Sugen/
Hypoxia conditions after 3 weeks of Enzastaurin treatment.

FIGS. 27A-27B: Enzastaurin-treated animals exhibit sig-
nificantly less evidence of emphysematous changes and
vessel occlusion than untreated controls.
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DETAILED DESCRIPTION OF ASPECTS OF
THE INVENTION

A detailed description of one or more embodiments of the
claimed subject matter 1s provided below along with accom-
panying figures that 1llustrate the principles of the claimed
subject matter. The claimed subject matter 1s described 1n
connection with such embodiments, but 1s not limited to any
particular embodiment. It 1s to be understood that the
claimed subject matter may be embodied in various forms,
and encompasses numerous alternatives, modifications and
equivalents. Therefore, specific details disclosed herein are
not to be interpreted as limiting, but rather as a basis for the
claims and as a representative basis for teaching one skilled
in the art to employ the claimed subject matter in virtually
any appropriately detailed system, structure, or manner.
Numerous specific details are set forth in the following
description 1n order to provide a thorough understanding of
the present disclosure. These details are provided for the
purpose of example and the claimed subject matter may be
practiced according to the claims without some or all of
these specific details. It 1s to be understood that other
embodiments can be used and structural changes can be
made without departing from the scope of the claimed
subject matter. It should be understood that the various
features and functionality described in one or more of the
individual embodiments are not limited in their applicability
to the particular embodiment with which they are described.
They instead can be applied alone or 1n some combination
to one or more of the other embodiments of the disclosure,
whether or not such embodiments are described, and
whether or not such features are presented as being a part of

described embodiment. For the purpose of clarty, techni-
cal material that 1s known 1n the technical fields related to
the claimed subject matter has not been described 1n detail
so that the claimed subject matter 1s not unnecessarily
obscured.

All publications referred to 1n this application are ncor-
porated by reference 1n their entireties for all purposes to the
same extent as 1t each 1individual publication were individu-
ally incorporated by reference.

All headings are for the convenience of the reader and
should not be used to limit the meaning of the text that
follows the heading, unless so specified.

Throughout this disclosure, various aspects of the claimed
subject matter are presented 1n a range format. It should be
understood that the description in range format 1s merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the claimed subject
matter. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within that
range. For example, where a range of values 1s provided, 1t
1s understood that each mtervening value, between the upper
and lower limit of that range and any other stated or
intervening value 1n that stated range 1s encompassed within
the claimed subject matter. The upper and lower limits of
these smaller ranges may independently be included 1n the
smaller ranges, and are also encompassed within the claimed
subject matter, subject to any specifically excluded limait 1n
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included in the claimed subject
matter. This applies regardless of the breadth of the range.
For example, description of a range such as from 1 to 6
should be considered to have specifically disclosed sub-
ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from
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2 to 4, from 2 to 6, from 3 to 6 etc., as well as 1ndividual
numbers within that range, for example, 1, 2, 3, 4, 5, and 6.
The method described herein 1s for treating pulmonary
hypertension 1n patients with any of the following: elevated
right ventricle systolic pressure, right ventricle hypertrophy,
pulmonary vessel neo-muscularization of previously unmus-
cularized vessels and the increase in their circumierence,
pulmonary vessel loss, elevated pulmonary vessel neointima
formation, elevated pulmonary vessel media hypertrophy.

The present invention relates to methods of using FHIT as
a biological marker 1n conjunction with the treatment of
pulmonary arterial hypertension using FHIT-elevating agent
Enzastaurin or other FHIT-elevating agents. The present
invention relates to the treatment of pulmonary arterial
hypertension using FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents in familial and idiopathic Pul-
monary arterial hypertension. The present mmvention also
relates to the use of FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents alone or in conjunction with
previously prescribed medications in order to ameliorate the
vascular occlusive phenotype, pulmonary vessel loss,
clevated right ventricle systolic pressure, emphysema, car-
diac fibrosis and right ventricle hypertrophy present in
pulmonary arterial hypertension.

Fragile Histidine Triad (FHIT) 1s a member of the histi-
dine triad family, and 1s implicated 1n apoptosis and prolii-
eration in various cell types (Accornero et al., 1999; Toledo
et al., 2004), potentially linking 1t to the abnormal prolii-
erative phenotype observed in PAH endothelial and smooth
muscle cells. FHIT 1s thought to be degraded following its
dephosphorylation by Src kinase (Pekarsky et al., 2004, Proc
Natl Acad Sci1 USA, 101(11): 3775-3779).

FHI'T-elevating agent Enzastaurin has the chemical name
3-(1-methyl-1H-1ndol-3-y1)-4-[ 1-[1-(pyridin-2-ylmethyl )pi-
peridin-4-yl]-1H-indol-3-yl]-1H-pyrrole-2,5-dione and 1s
disclosed in U.S. Pat. No. 5,668,152, where 1t 1s described
as an inhibitor of Protein Kinase C (PKC). The biological
function of Enzastaurin thus reportedly arises from 1its
inhibition of protein phosphorylation by PKC. Its main
target 1s 1n the mhibition of PKC beta activation; however,
it furthermore inhibits further proteins involved in cell
proliferation and cell survival pathways (Gescher, 1998,
(GGen Pharmacol., 31: 721-728; Jarvis, Grant, 1999. Invest
New Drugs, 17:227-240; Parker, 1999, Pharmacol. Ther.,
82:263-2677). FHIT-elevating agent Enzastaurin or other
FHIT-elevating agents suppresses cell growth, proliferation
and induces apoptosis 1n various cell types.

In a Phase II trial, Enzastaurin showed tolerability for 6
months 1n the duration of the study (Gray et al., Cancer 2013
119(5): 1023-1032). Reported side-eflects included rash,
abdominal distension, hyponatremia, DV'T and hypotension.
Due to the high tolerability, minimal toxicity and low
amount and severity of side-eflects achieved with this drug,
it’s use as a treatment for pulmonary hypertension and the
prevention of the development of familial pulmonary hyper-
tension 1n at-risk individuals, such as a positive mutation
status of BMPR2, 1s suggested here. The pulmonary hyper-
tension disease reversal achieved with Enzastaurin 1s
unprecedented and 1t, or other FHIT-elevating agents, 1s thus
believed usetul as a treatment strategy for pulmonary hyper-
tension.

The FHIT-elevating agent Enzastaurin or other FHIT-
clevating agents may be administered alone or in combina-
tion with other active compounds that treat or prevent PH,
including PAH. The other active compound may be admin-
istered at a different time or at the same time as the
FHIT-elevating agent Enzastaurin or other FHIT-elevating
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agents, and m certain embodiments the FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents and the
other active compound may be present in the same formu-
lation, or as separate formulations 1n the same kit. Exem-
plary other active compounds that treat PH include, e.g.,
prostacyclin analogues, endothelin receptor antagonists,
phosphodiesterase-5 nhibitors, high-dose calcium channel
blockers, anticoagulants, diuretics or anftiproliferative
agents. In particular cases, the other active compound may
be, for example, Isordil (1sosorbide dinitrate), Revatio
(sildenafil), Tracleer (bosentan), Letairis (amrbrisentan),
Flolan (epoprostenol), Adcirca (tadalafil), Rernodulin
(treprostinil) Ventavis (1loprost), Tyvaso (treprostinil), Dila-
trate-SR (1sosorbide dinitrate), Isordil Titradose (1sosorbide
dinitrate), IsoDitrate (1sosorbide dinitrate) or Isochron
(1sosorbide dinitrate).

A. General Techniques

The practice of the present invention will employ, unless
otherwise indicated, conventional techniques of molecular
biology (including recombinant techniques), microbiology,
cell biology, biochemistry, and immunology, which are
within the skill of the art. Such techniques are explained
fully in the literature, such as, “Molecular Cloning: A
Laboratory Manual”, second edition (Sambrook et al.,
1989); “Oligonucleotide Synthesis” (M. I. Gait, ed., 1984);
“Ammal Cell Culture” (R. 1. Freshney, ed., 1987); “Metheds
in Enzymology” (Academic Press, Inc.); “Current Protocols

in Molecular Biology” (F. M. Ausubel et al., eds., 1987, and
periodic updates); “PCR: The Polymerase Chaln Reaetlen

(Mullis et al., eds., 1994).

B. Definitions

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as 1s commonly
understood by one of ordinary skill in the art to which this
invention belongs. All patients, applications, published
applications and other publications referred to herein are
incorporated by reference in their entireties. It a definition
set forth 1n this section 1s contrary to or otherwise incon-
sistent with a definition set forth in the patients, applications,
published applications and other publications that are herein
incorporated by reference, the definition set forth in this
section prevails over the definition that 1s incorporated
herein by reference.

As used herein, the singular forms “a n”’, and “the”
include plural references unless indlea‘[ed otherwise. For
example, “a” dimer includes one or more dimers.

The term “biomarker” or “marker” as used herein refers
generally to a molecule, including a gene, protein, carbo-
hydrate structure, or glycolipid, the expression of which in
or on a mammalian tissue or cell or secreted can be detected
by known methods (or methods disclosed herein) and 1s
predictive or can be used to predict (or aid prediction) for a
mammalian cell’s or tissue’s sensitivity to, and 1n some
embodiments, to predict (or aid prediction) an individual’s
responsiveness to treatment regimens.

As used herein, a “pharmacogenomic biomarker” i1s an
objective biomarker which correlates with a specific clinical
drug response or susceptibility i a subject (see, e.g.,
McLeod et al., Eur. J. Cancer (1999) 35:1650-1652). It may
be a biochemical biomarker, or a climical sign or symptom.
The presence or quantity of the pharmacogenomic marker 1s
related to the predicted response of the subject to a specific
drug or class of drugs prior to administration of the drug. By
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assessing the presence or quantity of one or more pharma-
cogenomic markers in a subject, a drug therapy which 1is
most appropriate for the subject, or which 1s predicted to
have a greater degree of success, may be selected. For
example, based on the presence or quantity of DNA, RNA,
or protein for specific tumor markers 1n a subject, a drug or
course of treatment may be selected that 1s optimized for the
treatment of the specific tumor likely to be present 1n the
subject. Similarly, the presence or absence of a specific
sequence mutation or polymorphism may correlate with
drug response. The use of pharmacogenomic biomarkers
therefore permits the application of the most appropriate
treatment for each subject without having to administer the
therapy.

As used herein, the term “polymorphic locus™ refers to a
region 1n a nucleic acid at which two or more alternative
nucleotide sequences are observed 1n a significant number of
nucleic acid samples from a population of individuals. A
polymorphic locus may be a nucleotide sequence of two or
more nucleotides, an inserted nucleotide or nucleotide
sequence, a deleted nucleotide or nucleotide sequence, or a
microsatellite, for example. A polymorphic locus that 1s two
or more nucleotides 1n length may be 3,4, 5, 6,7, 8, 9, 10,
11, 12, 13, 14, 15 or more, 20 or more, 30 or more, 50 or
more, 75 or more, 100 or more, 500 or more, or about 1000
nucleotides in length, where all or some of the nucleotide
sequences differ within the region. A polymorphic locus 1s
often one nucleotide 1n length, which 1s referred to herein as
a “single nucleotide polymorphism” or a “SNP.” In some
embodiments, the high-density genotyping may be con-
ducted by using SNPs. In some embodiments, about 1,000-
5,000,000 or more SNPs, may be used. In some embodi-
ments, the high-density genotyping may be array-based. In
some embodiments, the high-density genotyping may be
conducted by using sequencing, such as high-throughput
sequencing.

Where there are two, three, or four alternative nucleotide
sequences at a polymorphic locus, each nucleotide sequence
1s referred to as a “polymorphic vaniant™ or “nucleic acid
variant.” Where two polymorphic variants exist, for
example, the polymorphic variant represented 1n a minority
of samples from a population 1s sometimes referred to as a
“minor allele” and the polymorphic vanant that 1s more
prevalently represented 1s sometimes referred to as a “major
allele.” Many organisms possess a copy of each chromo-
some (e.g., humans), and those individuals who possess two
major alleles or two minor alleles are often referred to as
being “homozygous”™ with respect to the polymorphism, and
those 1ndividuals who possess one major allele and one
minor allele are normally referred to as being “heterozy-
gous” with respect to the polymorphism. Individuals who
are homozygous with respect to one allele are sometimes
predisposed to a different phenotype as compared to indi-

viduals who are heterozygous or homozygous with respect
to another allele.

Single-nucleotide polymorphisms may fall within coding
sequences ol genes, non-coding regions of genes, or 1n the
intergenic regions (regions between genes). SNPs within a
coding sequence do not necessarily change the amino acid
sequence of the protein that 1s produced, due to degeneracy
of the gerretie code.

SNPs 1n the coding region are of two types, synonymous
and nonsynonymous SNPs. Synonymous SNPs do not aflect
the pretem sequence while nonsynonymous SNPs change
the amino acid sequence of protein. The nonsynonymous
SNPs are of two types: missense and nonsense.
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SNPs that are not i1n protein-coding regions may still
aflect gene splicing, transcription factor binding, messenger
RNA degradation, or the sequence of non-coding RNA.
Gene expression aflected by this type of SNP 1s referred to
as an eSNP (expression SNP) and may be upstream or
downstream from the gene.

In genetic analysis that identifies one or more pharma-
cogenomic biomarkers, samples from individuals having
different values 1n a relevant phenotype often are allelotyped
and/or genotyped. The term “allelotype™ as used herein
refers to a process for determiming the allele frequency for
a polymorphic variant in pooled DNA samples from cases
and controls, and/or 1n separate DNA samples from each
individual subject. By genotyping DNA from each group, an
allele frequency for each locus in each group 1s calculated.
These allele frequencies are then compared to one another.
In some embodiments, DNA samples are genotyped using
whole genome SNP arrays, such as those manufactured by
Aflymetrix (Santa Clara, Calif.) and/or Illumina (San Diego,
Calif.), such as the Afiymetrix 500K array. In addition to
Aflymetrix arrays, Illumina chips and Sequenom Mass Array
can also be used. Any suitable genotype calling algorithm(s)
may be used. In some embodiments, the genotype calls are
generated using the Robust Linear Model with the
Mahalanobis Distance Classifier (RLMM) algorithm, the
RLMM with a Bayesian step (BRLMM) algorithm, the
Axiom™ GTT algorithm, the BRLMM using perfect-match
probes (BRLMM-P) algorithm, or the Birdseed algorithm
(Rabbee et al., Bioinformatics (2006) 22:7-12; Ko et al.,
Nat Genet (2008) 40:1253-60).

A genotype or polymorphic variant may be expressed 1n
terms of a “haplotype,” which as used herein refers to a set
of DNA vanations, or polymorphisms, that tend to be
inherited together. A haplotype can refer to a combination of
alleles or to a set of SNPs found on the same chromosome.
For example, two SNPs may exist within a gene where each
SNP position includes a cytosine variation and an adenine
variation. Certain individuals 1n a population may carry one
allele (heterozygous) or two alleles (homozygous) having
the gene with a cytosine at each SNP position. As the two
cytosines corresponding to each SNP in the gene travel
together on one or both alleles 1in these individuals, the
individuals can be characterized as having a cytosine/cyto-
sine haplotype with respect to the two SNPs 1n the gene.

Sometimes, a polymorphic variant 1s reported 1n a data-
base without determining whether the varnant 1s represented
in a significant fraction of a population. Because a subset of
these reported polymorphic variants are not represented 1n a
statistically significant portion of the population, some of
them are sequencing errors and/or not biologically relevant.
Thus, 1t 1s often not known whether a reported polymorphic
variant 1s statistically significant or biologically relevant
until the presence of the variant 1s detected 1n a population
of individuals and the frequency of the variant 1s determined.
A polymorphic varant 1s statistically significant (and option-
ally often biologically relevant) if it 1s represented 1n 1% or
more of a population, sometimes 5% or more, 10% or more,
15% or more, or 20% or more of a population, and often
25% or more, 30% or more, 35% or more, 40% or more,
45% or more, or 50% or more of a population. For certain
genetic diseases and/or rare diseases, however, a variant may
represent a very small percentage of a population and yet 1s
still biologically relevant.

The term “sample”, as used herein, refers to a composi-
tion that 1s obtained or dertved from a subject of interest that
contains a cellular and/or other molecular entity that 1s to be
characterized and/or 1dentified, for example based on physi-
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cal, biochemical, chemical and/or physiological character-
1stics. For example, the phrase “clinical sample™ or “disease
sample” and variations thereof refer to any sample obtained
from a subject of interest that would be expected or 1s known
to contain the cellular and/or molecular entity that 1s to be
characterized.

The term “tissue or cell sample” refers to a collection of
similar cells obtained from a tissue of a subject or patient.
The source of the tissue or cell sample may be solid tissue
as from a fresh, frozen and/or preserved organ or tissue
sample or biopsy or aspirate; blood or any blood constitu-
ents; bodily fluids such as cerebral spinal fluid, amniotic
fluad, peritoneal fluid, or interstitial fluid; cells from any time
in gestation or development of the subject. The tissue sample
may also be primary or cultured cells or cell lines. Option-
ally, the tissue or cell sample 1s obtained from a disease
tissue/organ. The tissue sample may contain compounds that
are not naturally intermixed with the tissue 1n nature such as
preservatives, anticoagulants, buflers, fixatives, nutrients,
antibiotics, or the like.

The biological sample herein can be a plasma, serum,
whole blood, or dried blood spot sample. “Plasma,” or
“blood plasma,” as used herein, refers to the intravascular
fluid part of extracellular fluid (all body fluid outside of
cells). It 1s mostly water and contains dissolved proteins,
glucose, clotting factors, mineral 10ons, hormones and carbon
dioxide (plasma being the main medium for excretory
product transportation). Blood plasma i1s prepared by spin-
ning a tube of fresh blood containing an anti-coagulant in a
centrifuge until the blood cells fall to the bottom of the tube.
The blood plasma 1s then poured or drawn ofl. “Blood
serum’ 1s blood plasma without fibrinogen or the other
clotting factors (1.e., whole blood minus both the cells and
the clotting factors).

“Polynucleotide,” or “nucleic acid,” as used interchange-
ably herein, refer to polymers of nucleotides of any length,
and include DNA and RNA. The nucleotides can be deoxy-
ribonucleotides, ribonucleotides, modified nucleotides or
bases, and/or their analogs, or any substrate that can be
incorporated into a polymer by DNA or RNA polymerase. A
polynucleotide may comprise modified nucleotides, such as
methylated nucleotides and their analogs. If present, modi-
fication to the nucleotide structure may be imparted belore
or after assembly of the polymer. The sequence of nucleo-
tides may be interrupted by non-nucleotide components. A
polynucleotide may be further modified after polymeriza-
tion, such as by conjugation with a labeling component.
Other types of modifications include, for example, “caps”,
substitution of one or more of the naturally occurring
nucleotides with an analog, internucleotide modifications
such as, for example, those with uncharged linkages (e.g.,
methyl phosphonates, phosphotriesters, phosphoamidates,
cabamates, etc.) and with charged linkages (e.g., phospho-
rothioates, phosphorodithioates, etc.), those containing pen-
dant moieties, such as, for example, proteins (e.g., nucle-
ases, toxins, antibodies, signal peptides, ply-L-lysine, etc.),
those with intercalators (e.g., acridine, psoralen, etc.), those
containing chelators (e.g., metals, radioactive metals, boron,
oxidative metals, etc.), those containing alkylators, those
with modified linkages (e.g., alpha anomeric nucleic acids,
etc.), as well as unmodified forms of the polynucleotide(s).
Further, any of the hydroxyl groups ordinarily present in the
sugars may be replaced, for example, by phosphonate
groups, phosphate groups, protected by standard protecting
groups, or activated to prepare additional linkages to addi-
tional nucleotides, or may be conjugated to solid supports.
The 5' and 3' terminal OH can be phosphorylated or substi-
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tuted with amines or organic capping groups moieties of
from 1 to 20 carbon atoms. Other hydroxyls may also be
derivatized to standard protecting groups. Polynucleotides
can also contain analogous forms of ribose or deoxyribose
sugars that are generally known in the art, including, for
example, 2'-O-methyl-2'-O-allyl, 2'-fluoro- or 2'-azido-ri-
bose, carbocyclic sugar analogs, a-anomeric sugars, epi-
meric sugars such as arabinose, xyloses or lyxoses, pyranose
sugars, furanose sugars, sedoheptuloses, acyclic analogs and
abasic nucleoside analogs such as methyl riboside. One or
more phosphodiester linkages may be replaced by alterna-
tive linking groups. These alternative linking groups
include, but are not limited to, embodiments wherein phos-
phate 1s replaced by P(O)S(*thioate), P(S)S (“dithioate™),
(ONR 2 (“amidate”), P(O)R, P(O)OR', CO or CH 2 (*for-
macetal”), in which each R or R' 1s independently H or
substituted or unsubstituted alkyl (1-20 C) optionally con-
taining an ether (—0O—) linkage, aryl, alkenyl, cycloalkyl,
cycloalkenyl or araldyl. Not all linkages 1n a polynucleotide
need be identical. The preceding description applies to all
polynucleotides referred to herein, including RNA and
DNA.

“Oligonucleotide,” as used herein, generally refers to
short, generally single stranded, generally synthetic poly-
nucleotides that are generally, but not necessarily, less than
about 200 nucleotides 1n length. The terms “oligonucle-
otide” and “polynucleotide” are not mutually exclusive. The
description above for polynucleotides 1s equally and fully
applicable to oligonucleotides.

“Amplification,” as used herein, generally refers to the
process of producing multiple copies of a desired sequence.
“Multiple copies” means at least 2 copies. A “copy” does not
necessarily mean perfect sequence complementarity or iden-
tity to the template sequence. For example, copies can
include nucleotide analogs such as deoxyinosine, intentional
sequence alterations (such as sequence alterations intro-
duced through a primer comprising a sequence that is
hybridizable, but not complementary, to the template), and/
or sequence errors that occur during amplification.

The term “array” or “microarray’’, as used herein refers to
an ordered arrangement of hybridizable array elements, such
as polynucleotide probes (e.g., oligonucleotides), beads, or
binding reagents (e.g., antibodies), on a substrate. The
substrate can be a solid substrate, such as a glass or silica
slide, a fiber optic binder, or a semi-solid substrate, such as
nitrocellulose membrane. The nucleotide sequences can be
DNA, RNA, or any permutations thereof.

As used herein, the term “phenotype” refers to a trait
which can be compared between individuals, such as pres-
ence or absence of a condition, a visually observable dii-
ference 1n appearance between individuals, metabolic varia-
tions, physiological variations, variations in the function of
biological molecules, and the like. A phenotype can be
qualitative or quantitative. An example of a phenotype 1s
responsiveness to a treatment, such as a drug.

“Responsiveness” can be assessed using any endpoint
indicating a benefit to the patient, including, without limi-
tation, (1) inhibition, to some extent, of disease progression,
including slowing down and complete arrest; (2) reduction
in the number of disease episodes and/or symptoms; (3)
reduction in lesional size; (4) inhibition (1.e., reduction,
slowing down or complete stopping) of disease cell infil-
tration 1nto adjacent peripheral organs and/or tissues; (5)
inhibition (i.e., reduction, slowing down or complete stop-
ping) of disease spread; (6) reliel, to some extent, of one or
more symptoms associated with the disorder; (7) increase in
the length of disease-iree presentation following treatment;
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(8) decreased mortality at a given point of time following
treatment; and/or (9) lack of adverse eflects following
treatment. Responsiveness can also be assessed using any
endpoint indicating side efiect and/or toxicity to the patient.

“Treating” or “treatment” or “alleviation” refers to thera-
peutic treatment wherein the object 1s to slow down (lessen)
if not cure the targeted pathologic condition or disorder or
prevent recurrence of the condition. A subject 1s successtully
“treated” 11, after receiving a therapeutic amount of a thera-
peutic agent, the subject shows observable and/or measur-
able reduction 1 or absence of one or more signs and
symptoms of the particular disease. For example, significant
reduction in the number of cancer cells or absence of the
cancer cells; reduction 1n the tumor size; inhibition (i.e.,
slow to some extent and preferably stop) of tumor metas-
tasis; inhibition, to some extent, of tumor growth; increase
in length of remission, and/or relief to some extent, one or
more of the symptoms associated with the specific cancer;
reduced morbidity and mortality, and improvement 1n qual-
ity of life 1ssues. Reduction of the signs or symptoms of a
disease may also be felt by the patient. Treatment can
achieve a complete response, defined as disappearance of all
s1gns ol cancer, or a partial response, wherein the size of the
tumor 1s decreased, preferably by more than 350 percent,
more preferably by 75%. A patient 1s also considered treated
iI the patient experiences stable disease. In some embodi-
ments, treatment with a therapeutic agent 1s eflective to
result 1n the patients being disease-free 3 months after
treatment, preferably 6 months, more preferably one year,
even more preferably 2 or more years post treatment. These
parameters for assessing successiul treatment and improve-
ment 1 the disease are readily measurable by routine
procedures familiar to a physician of appropnate skill 1in the
art.

The term “‘prediction” or “prognosis™ 1s used herein to
refer to the likelithood that a patient will respond either
tavorably or unfavorably to a drug or set of drugs. In one
embodiment, the prediction relates to the extent of those
responses. In one embodiment, the prediction relates to
whether and/or the probability that a patient will survive or
improve following treatment, for example treatment with a
particular therapeutic agent, and for a certain period of time
without disease recurrence. The predictive methods of the
invention can be used clinically to make treatment decisions
by choosing the most appropriate treatment modalities for
any particular patient. The predictive methods of the present
invention are valuable tools 1n predicting if a patient 1s likely
to respond favorably to a treatment regimen, such as a given
therapeutic regimen, including for example, administration
of a given therapeutic agent or combination, surgical inter-
vention, steroid treatment, etc.

As used herein, the term “specifically binds” refers to the
binding specificity of a specific binding pair. Recognition by
an antibody of a particular target in the presence of other
potential targets 1s one characteristic of such binding. Spe-
cific binding mvolves two diflerent molecules wherein one
of the molecules specifically binds with the second molecule
through chemical or physical means. The two molecules are
related 1n the sense that their binding with each other 1s such
that they are capable of distinguishing their binding partner
from other assay constituents having similar characteristics.
The members of the binding component pair are referred to
as ligand and receptor (anti-ligand), specific binding pair
(SBP) member and SBP partner, and the like. A molecule
may also be an SBP member for an aggregation of mol-
ecules; for example, an antibody raised against an immune
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complex of a second antibody and 1ts corresponding antigen
may be considered to be an SBP member for the immune
complex.

As used herein, the term “homologue” 1s used to refer to
a nucleic acid which differs from a naturally occurring
nucleic acid (i.e., the “prototype” or “wild-type” nucleic
acid) by minor modifications to the naturally occurring
nucleic acid, but which maintains the basic nucleotide
structure of the naturally occurring form. Such changes
include but are not limited to: changes 1n one or a few
nucleotides, including deletions (e.g., a truncated version of
the nucleic acid) insertions and/or substitutions. A homo-
logue can have enhanced, decreased, or substantially similar
properties as compared to the naturally occurring nucleic
acid. A homologue can be complementary or matched to the
naturally occurring nucleic acid. Homologues can be pro-
duced using techniques known 1n the art for the production
of nucleic acids including, but not limited to, recombinant
DNA techniques, chemical synthesis, efc.

As used herein, “complementary” or “matched” means
that two nucleic acid sequences have at least 50% sequence
identity. Preferably, the two nucleic acid sequences have at
least 60%, 70%, 80%, 90%, 93%, 96%, 97%, 98%, 99% or
100% of sequence identity. “Complementary or matched”
also means that two nucleic acid sequences can hybridize
under low, middle and/or high stringency condition(s).

As used herein, “substantially complementary or substan-
tially matched” means that two nucleic acid sequences have
at least 90% sequence identity. Preferably, the two nucleic
acid sequences have at least 95%, 96%, 97%, 98%, 99% or
100% of sequence identity. Alternatively, “substantially
complementary or substantially matched” means that two
nucleic acid sequences can hybridize under high stringency
condition(s).

In general, the stability of a hybrid 1s a function of the 10n
concentration and temperature. Typically, a hybrnidization
reaction 1s performed under conditions of lower stringency,
tollowed by washes of varying, but higher, stringency.
Moderately stringent hybridization refers to conditions that
permit a nucleic acid molecule such as a probe to bind a
complementary nucleic acid molecule. The hybridized
nucleic acid molecules generally have at least 60% i1dentity,
including for example at least any of 70%, 75%, 80%, 85%,
90%, or 95% 1dentity. Moderately stringent conditions are
conditions equivalent to hybridization 1n 50% formamide,
SxDenhardt’s solution, 5xSSPE, 0.2% SDS at 42° C., fol-
lowed by washing 1n 0.2xSSPE, 0.2% SDS, at 42° C. High
stringency conditions can be provided, for example, by
hybridization 1 50% formamide, SxDenhardt’s solution,

SxSSPE, 0.2% SDS at 42° C., followed by washing 1in
0.1xSSPE, and 0.1% SDS at 65° C.
Low stringency hybridization refers to conditions equiva-

lent to hybridization 1n 10% formamide, 5xDenhardt’s solu-
tion, 6xXSSPE, 0.2% SDS at 22° C., followed by washing in

I xSSPE, 0.2% SDS, at 37° C. Denhardt’s solution contains
1% Ficoll, 1% polyvinylpyrolidone, and 1% bovine serum
albumin (BSA). 20xSSPE (sodium chloride, sodium phos-
phate, ethylene diamide tetraacetic acid (EDTA)) contains
3M sodium chloride, 0.2M sodium phosphate, and 0.025 M
(EDTA). Other suitable moderate stringency and high strin-
gency hybridization buflers and conditions are well known
to those of skill 1n the art.

As used herein, the term “output” refers to a value or score
generated from a computer algorithm. The output may be
generated based on assay results using the biomarkers
disclosed herein as inputs to the computer algorithm. An
“output” can be either quantitative or qualitative, and can be
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used for determining the likely responsiveness of a subject
to a treatment in a companion diagnostic test.

It 1s understood that aspects and embodiments of the
invention described herein include “consisting” and/or “con-
sisting essentially of” aspects and embodiments.

Other objects, advantages and features of the present
invention will become apparent from the following specifi-
cation taken 1n conjunction with the accompanying draw-
Ings.

C. Enumerated Embodiments

The following enumerated embodiments are representa-
tive of some aspects of the mvention.

In a first embodiment, (1) the invention provides a method
for preventing and/or treating pulmonary hypertension and/
or emphysema in a subject 1mn need of prevention and/or

treatment, which method comprises administering an eflec-
tive amount of:

a) an agent that provides for or enhances level and/or an

activity of Fragile Histidine Triad (FHIT); and/or

b) Enzastaurin,
to said subject.

2. The method of embodiment 1, which 1s used to prevent
emphysema in a subject.

3. The method of embodiment 1, which 1s used to treat
emphysema in a subject.

4. The method of embodiment 1, which 1s used to prevent
pulmonary hypertension in a subject.

5. The method of embodiment 1, which 1s used to treat
pulmonary hypertension in a subject.

6. The method of embodiment 4 or S5, wherein the
pulmonary hypertension belongs to WHO Group 1, pulmo-
nary arterial hypertension (PAH); WHO) Group I', pulmo-
nary veno-occlusive disease (PVOD) or pulmonary capillary
hemangiomatosis (PCH); WHO Group 1", persistent pul-
monary hypertension of the newborn; WHO(Group 11, pul-
monary hypertension secondary to left heart disease; WHO
Group III, pulmonary hypertension due to lung disease or
chronic hypoxia, WHO Group 1V, chronic arterial obstruc-
tion; or WHO Group V, pulmonary hypertension with
unclear or multifactorial mechanisms.

7. The method of embodiment 6, wherein the subject has
clevated right ventricle systolic pressure (RVSP), right ven-
tricle hypertrophy, cardiac fibrosis, pulmonary vasculature
remodeling, e.g., blood vessel loss, vessel muscularization
and/or neointima formation, or emphysema.

8. The method of embodiment 6, wherein the pulmonary
hypertension 1s pulmonary hypertension (PH), pulmonary
arterial hypertension (PAH), chronic obstructive pulmonary
disease (COPD) or emphysema.

9. The method of any one of embodiments 1-8, wherein
the pulmonary hypertension or emphysema develops spon-
taneously (e.g., idiopathic PH) 1n a subject.

10. The method of any one of embodiments 1-8, wherein
the pulmonary hypertension or emphysema develops based
on the genetic background (e.g., familial PH) of a subject.

11. The method of any one of embodiments 1-8, wherein
the pulmonary hypertension or emphysema develops due to
or 1n association with another disease or disorder, such as
secondary to chromic obstructive pulmonary disease
(COPD).

12. The method of any one of embodiments 1-11, wherein
an eflective amount of an agent that provides for production
of FHIT, or a functional fragment thereof, 1s administered to
a subject.
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13. The method of embodiment 12, wherein the agent
comprises a polynucleotide that 1s configured to produce
FHIT, or a functional fragment thereof, 1n the subject.

14. The method of embodiment 13, wherein the poly-
nucleotide 1s a DNA molecule that encodes FHIT, or a >
functional fragment thereof.

15. The method of embodiment 13, wherein the poly-
nucleotide 1s an RNA molecule that encodes FHIT, or a
functional fragment thereof.

16. The method of embodiment 12, wherein the agent
comprises a polypeptide comprising FHIT, or a functional
fragment thereof.

17. The method of any one of embodiments 1-11, wherein
an ellective amount of an agent, e.g., a microRNA such as
miRNA17-5, microRNA24a, a microRNA mimic or a
microRNA antagomir, or a demethylation agent such as
decitabine, that enhances the level of FHIT, or a functional
fragment thereof, 1s administered to a subject.

18. The method of embodiment 17, wherein the agent, ¢
¢.g., Enzastaurin, enhances expression of a DNA molecule
that encodes FHIT, or a functional fragment thereot, in the
subject.

19. The method of embodiment 17, wherein the agent
enhances translation of an RNA molecule that encodes 25
FHIT, or a functional fragment thereof, 1n the subject.

20. The method of embodiment 17, wherein the agent
enhances stability of FHIT, or a functional fragment thereof,
in the subject.

21. The method of embodiment 20, wherein the agent
comprises activated Gaqg or an agonist binding to GqQ-
coupled receptor that leads to Gaq activation and dissocia-
tion with Gpy complex. [see Hao et al., Cell Communication
and Signaling, 11(1):59, August 2013]

22. The method of embodiment 21, wherein the agent
blocks or reduces degradation of FHIT, or a functional
fragment thereof, 1n the subject.

23. The method of embodiment 22, wherein the agent
blocks or reduces phosphorylation of FHIT, or a functional 4
fragment thereof, e.g., Src-mediated phosphorylation of
FHIT at the Tyrl14 site, in the subject.

24. The method of any one of embodiments 1-11, wherein
an effective amount of an agent that enhances an activity of
FHIT 1s administered to a subject. 45

25. The method of any one of embodiments 1-11, wherein
an eflective amount of Enzastaurin 1s admimstered to a
subject.

26. The method of embodiment 25, wherein an effective
amount of Enzastaurin 1s administered to a subject to 50
prevent emphysema 1n the subject.

27. The method of embodiment 25, wherein an effective
amount of Enzastaurin 1s administered to a subject to treat
emphysema 1n the subject.

28. The method of embodiment 25, wherein an eflective 55
amount of Enzastaurin 1s administered to a subject to
prevent pulmonary hypertension in the subject.

29. The method of embodiment 25, wherein an eflective
amount of Enzastaurin 1s administered to a subject to treat
pulmonary hypertension in the subject. 60

30. The method of any one of embodiments 1-29, wherein
the agent and/or Enzastaurin upregulates FHIT and/or bone
morphogenetic protein receptor type-2 (BMPR2) 1 a sub-
ject.

31. The method of embodiment 30, wherein the agent 65
and/or Enzastaurin upregulates FHIT and/or BMPR2 via a
microRNA, e.g., miR17-5 and/or miR27a, 1n the subject.

10

15

30

35

18

32. The method of embodiment 30 or 31, wherein the
agent and/or Enzastaurin upregulates FHIT and BMPR2 1n
the subject.

33. The method of any one of embodiments 30-32,
wherein the agent and/or Enzastaurin upregulates BMPR?2
independent of the agent and/or Enzastaurin upregulation of
FHIT 1n a subject.

34. The method of any one of embodiments 1-33, wherein
the agent and/or Enzastaurin prevents and/or treats pulmo-
nary hypertension and/or emphysema independent of PKC
inhibition 1n a subject.

35. The method of any one of embodiments 1-34, wherein
the agent and/or Enzastaurin prevents and/or treats pulmo-
nary hypertension and/or emphysema by improving right
ventricular systolic pressure (RVSP), RV hypertrophy, car-
diac fibrosis and/or vascular remodeling 1n a subject.

36. The method of any one of embodiments 1-335, wherein
the agent and/or Enzastaurin prevents and/or treats pulmo-
nary hypertension and/or emphysema by preventing or
reducing RVSP increase, RVH increase, vascular rarefac-
tion, muscularization and/or neointima formation of distal
vessels 1 a subject.

3’7. The method of any one of embodiments 1-36, wherein
an elflective amount of an agent and/or Enzastaurin 1is
administered to a subject having or suspected of having an
end-stage PH.

38. The method of embodiment 37, wherein the end-stage
PH 1s characterized by pulmonary vascular obliteration,
increased RVSP, e.g., RVSP>100 mmHg, increased mean
PAP and/or PVR, right heart failure, increased RVH,
reduced RV function and RV dilatation, and/or increased
interstitial fibrosis.

39. The method of embodiment 37 or 38, wherein the
treatment with the agent and/or Enzastaurin increases FHIT
and/or BMPR2 expression in whole lung, reducing or
reversing pulmonary vascular occlusion(s), and/or reducing
at least one of muscularization of small and large vessels,
RVH, RV fibrosis, RV dilatation and RVSP, mean PAP, PVR
as well as increasing RV function.

40. The method of embodiment 39, wherein the pulmo-
nary artery mean pressure (PAPm) and the pulmonary vas-
cular resistance (PVR) are reduced, and the cardiac output
(CO) 1s increased 1n the treated subject.

41. The method of any one of embodiments 1-40, wherein
the subject having or suspected of having a low level of
BMPR2 or having or suspected of having a BMPR2 muta-
tion.

42. The method of embodiment 41, wherein the subject
has a BMPR2 level at or below a BMPR2 level of a subject
that does not have pulmonary hypertension and/or emphy-
sema.

43, The method of embodiment 41, wherein the subject
has a point mutation, addition and/or deletion in BMPR2
gene, €.g., a point mutation in the ligand binding, kinase
and/or tail region of BMPR2.

44. The method of any one of embodiments 1-43, wherein
the subject having or suspected of having a low level of
FHIT or having or suspected of having a FHIT mutation.

45. The method of embodiment 44, wherein the subject
has a FHIT level at or below a FHIT level of a subject that
does not have pulmonary hypertension and/or emphysema.

46. The method of embodiment 44, wherein the subject
has a point mutation, addition and/or deletion 1n FHIT gene,
and/or abnormal methylation status of FHIT gene.

4’7. The method of any one of embodiments 1-46, wherein
the agent and/or Enzastaurin 1s administered at a dosage
ranging from about 5 mg/day to about 1,000 mg/day.
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48. The method of any one of embodiments 1-47, wherein
the agent and/or Enzastaurin 1s administered at a dosage to
obtain an 1n vivo level, e.g., serum or plasma concentration,
ranging from about 20 nmol/L to about 6,000 nmol/L. In
certain of these embodiments, the 1 vivo level 1s a plasma
concentration from about 20 nmol/L to about 6000 nmol/L.

In some of these embodiments, the 1 vivo level 1s a plasma
concentration from about 500 nmol/L. to about 2500 nmol/L,

or from about 100 nmol/LL to about 500 nmol/L, or from
about 20 nmol/L to about 100 nmol/L.

49. The method of any one of embodiments 1-48, which
turther comprises administering a pharmaceutically accept-
able carrier or excipient to a subject.

50. The method of any one of embodiments 1-49, which
turther comprises administering an eflective amount of a
second prophylactic or therapeutic agent for preventing
and/or treating pulmonary hypertension and/or emphysema
in a subject.

51. The method of embodiment 50, wherein the second
prophylactic or therapeutic agent for preventing and/or
treating pulmonary hypertension 1s a vasoactive substance,
a prostaglandin, an endothelin receptor antagonist, a phos-
phodiesterase type 5 ihibitor or an activator of soluble
guanylate cyclase.

52. The method of embodiment 50 or 51, wherein the
second prophylactic or therapeutic agent for preventing
and/or treating emphysema 1s a bronchodilating medication,
a steroid medication or an antibiotic.

53. The method of any one of embodiments 1-52, wherein
the agent and/or Enzastaurin 1s administered via an oral,
nasal, inhalational, parental, intravenous, intraperitoneal,
subcutaneous, intramuscular, intradermal, topical, or rectal
route.

54. The method of any one of embodiments 1-53, wherein
an eflective amount of the agent and/or Enzastaurin is
administered to a subject to reduce systemic blood pressure
of the subject.

535. The method of any one of embodiments 1-54, wherein
the treatment results in improving at least one parameter that
1s symptomatic of PAH in the treated subject. In some
embodiments, this means the treatment reduces mean PAP
pulmonary artery pressure (PAPm) below 25 mm Hg and
preferably below 20 mmHg, reduces PVR below 3 WU,
and/or mcreases PAWP (pulmonary artery wedge pressure)
above 15 1n the subject. In some embodiments, improving at
least one parameter symptomatic of PAH refers to measur-
ably improving right ventricular systolic pressure (RVSP) or
pulmonary artery systolic pressure (PASP) measured, or
both, measured wvia electrocardiograph. In some embodi-
ments, improving at least one parameter symptomatic of
PAH refers to measurably improving mean pulmonary artery
pressure (PAPm), pulmonary artery wedge pressure
(PAWP), cardiac output (CO), and/or pulmonary vascular
resistance (PVR), which can be measured, e.g., by right
heart catherization. In one such embodiment, a subject
having PAPm>25 mm Hg before treatment exhibits
PAPm<25 mm Hg and pretferably <20 mm Hg after treat-
ment. In another embodiment, a subject having Group 1
PAH and exhibiting PAPm>25, and PVR>3 WU, and

PAWP<135 belore treatment has at least one parameter

improved, e.g., PAPm<25, and/or PVR>3 WU, and/or
PAWP>13, after treatment.

56. The method of any one of embodiments 1-55, wherein
the subject 1s a mammal.

57. The method of embodiment 56, wherein the mammal
1S a human.
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58. The method of embodiment 56, wherein the mammal
1s a non-human mammal.

59. Use of an eflective amount of an agent that provides
for or enhances level and/or an activity of Fragile Histidine
Trnad (FHIT) in a subject and/or Enzastaurin for the manu-
facture of a medicament for preventing and/or treating
pulmonary hypertension and/or emphysema 1n said subject.

60. A combination, which combination comprises:

1) an agent that provides for or enhances level and/or an
activity of Fragile Histidine Triad (FHIT) 1n a subject and/or
Enzastaurin; and

2) a second prophylactic or therapeutic agent for prevent-
ing and/or treating pulmonary hypertension and/or emphy-
sema.

In some such embodiments, the second prophylactic or
therapeutic agent 1s selected from Isordil (1sosorbide dini-
trate), Revatio (sildenafil), Tracleer (bosentan), Letairis (am-
brisentan), Flolan (epoprostenol), Adcirca (tadalafil),
Remodulin (treprostinil) Ventavis (1loprost), Tyvaso (trepro-
stinil), Dilatrate-SR (1sosorbide dimitrate), Isordil Titradose
(1sosorbide dinitrate), IsoDitrate (1sosorbide dinitrate), and
Isochron (1sosorbide dinitrate). Typically, the combination
comprises at least one and preferably two or more pharma-
ceutically acceptable excipients.

61. A pharmaceutical composition, which comprises an
eflective amount of a combination of embodiment 60, and a
pharmaceutically acceptable carrier or excipient.

62. A method for preventing and/or treating pulmonary
hypertension and/or emphysema 1n a subject 1n need of
prevention and/or treatment, which method comprises
administering an eflective amount of a combination of
embodiment 60 or a pharmaceutical composition of embodi-
ment 61 to said subject.

63. A method for assessing pulmonary hypertension and/
or emphysema 1n a subject, which method comprises:

a) providing a sample from a subject;

b) assessing FHIT and/or BMPR2 level and/or activity 1n
said sample to assess pulmonary hypertension and/or
emphysema 1n said subject.

64. The method of embodiment 63, wherein the sample 1s
a blood, serum, plasma, or body fluid sample, or any
combination thereof.

65. The method of embodiment 63 or 64, wherein the
subject 1s a mammal.

66. The method of embodiment 65, wherein the mammal
1s a non-human mammal, e.g., a pet, a farm animal, a
companion animal or an experimental animal.

67. The method of embodiment 65, wherein the mammal
1s a human.

68. The method of any one of embodiments 63-67, which
turther comprises comparing the FHIT and/or BMPR2 level
and/or activity assessed 1 b) with a threshold or reference
value, e.g., FHIT and/or BMPR2 level and/or activity from
a comparable subject that has normal blood pressure, and the
FHIT and/or BMPR2 level and/or activity assessed in b)
lower than the threshold or reference value indicates that
said subject has or has a higher risk of having pulmonary
hypertension and/or emphysema.

69. The method of any one of embodiments 63-68,
wherein a level of a polynucleotide that encodes FHIT
and/or BMPR2 in a sample 1s assessed.

70. The method of embodiment 69, wherein the poly-
nucleotide 1s a DNA molecule that encodes FHIT and/or
BMPR2.

71. The method of embodiment 69, wherein the poly-
nucleotide 1s an RNA molecule that encodes FHIT and/or
BMPR2.
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72. The method of any one of embodiments 63-71,
wherein a level of a polynucleotide that encodes FHIT
and/or BMPR2 1n a sample 1s assessed using a procedure
that comprises amplifying, ligating, hybridizing and/or
sequencing said polynucleotide.

73. The method of embodiment 72, wherein the poly-
nucleotide 1s amplified using a procedure selected from the
group consisting of polymerase chain reaction (PCR), strand
displacement amplification (SDA), transcription mediated
amplification (ITMA), ligase chain reaction (LCR), nucleic
acid sequence based amplification (NASBA), primer exten-
sion, rolling circle amplification (RCA), self sustained
sequence replication (3SR), and loop-mediated 1sothermal
amplification (LAMP).

74. The method of embodiment 72, wherein the sequenc-
ing 1s conducted with a format selected from the group
consisting of Maxam-Gilbert sequencing, a chain-termina-
tion method, shotgun sequencing, bridge PCR, single-mol-
ecule real-time sequencing, 10n semiconductor (ion torrent
sequencing), sequencing by synthesis, sequencing by liga-
tion (SOL1D sequencing), chain termination (Sanger
sequencing), massively parallel signature sequencing
(MPSS), polony sequencing, 454 pyrosequencing, Illumina
(Solexa) sequencing, DNA nanoball sequencing, heliscope
single molecule sequencing, single molecule real time
(SMRT) sequencing, nanopore DNA sequencing, tunnelling
currents DNA sequencing, sequencing by hybridization,
sequencing with mass spectrometry, microflmdic Sanger
sequencing, a microscopy-based technique, RNAP sequenc-
ing, and 1n vitro virus high-throughput sequencing.

75. The method of any one of embodiments 63-74,
wherein a level of a polypeptide that comprises FHIT and/or
BMPR2 in a sample 1s assessed.

76. The method of embodiment 75, wherein the level of
a polypeptide that comprises FHIT and/or BMPR2 1n a
sample 1s assessed using an 1immunoassay.

77. The method of embodiment 76, wherein the immu-
noassay 1s selected from the group consisting of an enzyme-
linked 1mmunosorbent assay (ELISA), immunoblotting,
immunoprecipitation, radioimmunoassay (RIA), immunos-
taining, latex agglutination, indirect hemagglutination assay
(IHA), complement fixation, indirect immunofluorescent
assay (IFA), nephelometry, flow cytometry assay, surface
plasmon resonance (SPR), chemiluminescence assay, lateral
flow immunoassay, u-capture assay, inhibition assay and
avidity assay.

78. The method of any of embodiments 63-77, which 1s
used for diagnosis, prognosis, stratification, risk assessment,
or treatment monitoring of pulmonary hypertension and/or
emphysema 1n a subject.

79. The method of any one of embodiments 63-78, which
has sensitivity of at least 50%.

80. The method of any one of embodiments 63-79, which
has specificity of at least 50%.

81. The method of any one of embodiments 63-80, which
turther comprises treating a subject or altering treatment of
a subject based on the assessment of pulmonary hyperten-
sion and/or emphysema 1n the subject.

82. The method of embodiment 81, which comprises
treating a human patient or altering treatment ol a human
patient based on the assessment of pulmonary hypertension
and/or emphysema 1n the human patient.

83. A method of reducing pulmonary hypertension and
emphysema in a mammal, comprising: administering an
ellective amount of Fragile Histidine Triad (FHIT)-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema,
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wherein the administered dosage 1s below 1000 mg/day and
1s suflicient to reduce blood pressure of said mammal.

84. The method of embodiment 83, wherein said mammal
1s human.

85. The method of embodiment 83, wherein said dosage
provides a predicted FHI'T-elevating agent Enzastaurin or

other FHIT-clevating agents serum concentration of or
below 3500 nmol/L.

86. The method of embodiment 83, wherein said admin-
istering 1s oral.

87. A method of reducing pulmonary hypertension or
emphysema in a mammal with low or undetectable levels of
FHIT, comprising:

a. obtaining a blood sample from the mammal;

b. determining the level of FHIT 1n the blood sample; and

c. administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema, 1
the sample has a low or undetectable level of FHIT.

88. The method of embodiment 87, wherein said mammal
1s human.

89. The method of embodiment 87, wherein said dosage
provides a predicted FHI'T-elevating agent Enzastaurin or
other FHIT-elevating agents serum concentration of or
below 3500 nmol/L.

90. The method of embodiment 87, wherein said admin-
1stering 1s oral.

91. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with low or undetectable levels of
FHIT, comprising;:

a. obtaining a tissue sample from the mammal;

b. determining the level of FHIT 1n the tissue sample; and

¢. administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema, 11
the sample has a low or undetectable level of FHIT.

92. The method of embodiment 91, wherein said mammal
1s human.

93. The method of embodiment 91, wherein said dosage
provides a predicted FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents serum concentration of or
below 3500 nmol/L.

94. The method of embodiment 91, wherein said admin-
istering 1s oral.

95. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with low or undetectable levels of
BMPR2, comprising;:

a. obtaining a blood sample from the mammal;

b. determining the level of BMPR2 1n the blood sample;
and

c. administering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema, i
the sample has a low or undetectable level of BMPR2.

96. The method of embodiment 95, wherein said mammal
1s human.

9’7. The method of embodiment 95, wherein said dosage
provides a predicted FHIT-elevating agent Enzastaurin or
other FHIT-clevating agents serum concentration of or
below 3500 nmol/L.

98. The method of embodiment 95, wherein said admin-
istering 1s oral.

99. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with low or undetectable levels of
BMPR2, comprising;:

a. obtaining a tissue sample from the mammal;
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b. determining the level of BMPR2 1n the tissue sample;
and

¢. admimstering an effective amount of FHIT-clevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema, 11
the sample has a low or undetectable level of BMPR2.

100. The method of embodiment 99, wherein said mam-
mal 1s human.

101. The method of embodiment 99, wherein said dosage
provides a predicted FHI'T-elevating agent Enzastaurin or
other FHIT-clevating agents serum concentration of or

below 3500 nmol/L.

102. The method of embodiment 99, wherein said admin-
istering 1s oral.

103. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with low or undetectable levels of
BMPR2, comprising;:

a. obtaining a tissue sample from the mammal;

b. determining the level of BMPR2 1n the tissue sample;
and

c. admimstering an effective amount of FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphysema, 1t
the sample has a low or undetectable level of BMPR2.

104. The method of embodiment 103, wherein said mam-
mal 1s human.

105. The method of embodiment 103, wherein said dos-
age provides a predicted FHIT-elevating agent Enzastaurin
or other FHIT-clevating agents serum concentration of or
below 3500 nmol/L.

106. The method of embodiment 103, wherein said
administering 1s oral.

107. A method of reducing pulmonary hypertension or
emphysema i1n a mammal with a mutation of BMPR2,
comprising;

a. obtaiming a tissue sample from the mammal;

b. analyzing the tissue sample for a BMPR2 mutation; and

c. admimstering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f a BMPR2 mutation was detected.

108. The method of embodiment 107, wherein said mam-
mal 1s human.

109. The method of embodiment 107, wherein said dos-
age provides a predicted FHIT-elevating agent Enzastaurin
or other FHIT-clevating agents serum concentration of or
below 3500 nmol/L.

110. The method of embodiment 107, wherein said
administering 1s oral.

111. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with a mutation of BMPR2,
comprising;

a. obtaining a blood sample from the mammal;

b. analyzing the blood sample for a BMPR2 mutation; and

¢. administering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1f a BMPR2 mutation was detected.

112. The method of embodiment 111, wherein said mam-
mal 1s human.

113. The method of embodiment 111, wherein said dosage
provides a predicted FHI'T-elevating agent Enzastaurin or
other FHIT-elevating agents serum concentration of or
below 3500 nmol/L.

114. The method of embodiment 111, wherein said
administering 1s oral.
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115. A method of reducing pulmonary hypertension or
emphysema 1n a mammal with a mutation of FHIT, com-
prising:

a. obtaining a tissue sample from the mammal;

b. analyzing the tissue sample for a FHIT mutation; and

¢. administering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1 a FHIT mutation was detected.

116. The method of embodiment 115, wherein said mam-
mal 1s human.

117. The method of embodiment 115, wherein said dosage
provides a predicted FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents serum concentration of or
below 3500 nmol/L.

118. The method of embodiment 115, wherein said
administering 1s oral.

119. A method of reducing pulmonary hypertension or
emphysema 1 a mammal with a FHIT mutation, compris-
ng:

a. obtaining a blood sample from the mammal;

b. analyzing the blood sample for a FHIT mutation; and

c. administering an effective amount of FHIT-elevating

agent Enzastaurin or other FHIT-elevating agents to the
mammal having pulmonary hypertension or emphy-
sema, 1 a FHIT mutation was detected.

120. The method of embodiment 119, wherein said mam-
mal 1s human.

121. The method of embodiment 119, wherein said dos-
age provides a predicted FHIT-elevating agent Enzastaurin
or other FHIT-clevating agents serum concentration of or
below 3500 nmol/L.

122. The method of embodiment 119, wherein said
administering 1s oral.

123. The method of any one of embodiments 83-122,
wherein said compound ‘FHIT-elevating agent Enzastaurin
or other FHIT-elevating agents’ 1s also known as LY317615,
D04014.

124. The method of any one of embodiments 83-122,
wherein the pulmonary hypertension or emphysema pres-
ents with any one of the following: elevated right ventricle
systolic pressure (RVSP), right ventricle hypertrophy, car-
diac fibrosis, pulmonary vasculature remodeling (i.e., blood
vessel loss and vessel muscularization) or emphysema.

125. The method of any one of embodiments 83-122,
wherein the pulmonary hypertension or emphysema can
develop spontaneously (Idiopathic PH).

126. The method of any one of embodiments 83-122,
wherein the pulmonary hypertension or emphysema can
develop based on the genetic background (Familial PH).

127. The method of any one of embodiments 83-122,
wherein the pulmonary hypertension or emphysema can
develop associated with another disease, such as secondary
to Chronic Obstructive Pulmonary Disease (COPD).

128. The method of any one of embodiments 83-122,
where FHIT-elevating agent Enzastaurin or other FHIT-
clevating agents 1s used as a preventative measure for
mammals with risk factors (1.e., positive mutation status for
BMPR2 or FHIT).

129. The method of any one of embodiments 83-128,
wherein Pulmonary hypertension or emphysema refers to
WHO Classification Group I (Pulmonary Arterial Hyperten-
sion), Group II (Pulmonary Venous Hypertension), Group
II1 (Pulmonary Hypertension Associated with Chronic Lung
Disease), Group V (Miscellaneous).

130. The method of any one of embodiments 83-129
wherein pulmonary hypertension or emphysema are pre-
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vented or reversed independent of PKC inhibition, but
instead through the novel signaling molecule FHIT.

131. The method of any one of embodiments 83-130,
wherein agents refers to pharmaceuticals, chemicals, bio-
engineered treatment methods and genetic modification

through techniques, such as CRISPR.

132. Use of an FHIT-clevating agent to treat pulmonary
hypertension.

133. The use according to embodiment 132, wherein the
FHIT-elevating agent 1s Enzastaurin.

Numerous specific details are set forth 1n the following
description 1n order to provide a thorough understanding of
the present disclosure. These details are provided for the
purpose of example and the claimed subject matter may be
practiced according to the claims without some or all of
these specific details. It 1s to be understood that other
embodiments can be used and structural changes can be
made without departing from the scope of the claimed
subject matter. It should be understood that the various
features and functionality described 1in one or more of the
individual embodiments are not limited 1n their applicability
to the particular embodiment with which they are described.
They 1nstead can, be applied, alone or 1n some combination,
to one or more of the other embodiments of the disclosure,
whether or not such embodiments are described, and
whether or not such features are presented as being a part of
a described embodiment. For the purpose of clarty, techni-
cal material that 1s known 1n the technical fields related to
the claimed subject matter has not been described 1n detail
so that the claimed subject matter 1s not unnecessarily
obscured.

The present invention relates to methods of using FHIT as
a biological marker 1 conjunction with the treatment of
pulmonary arterial hypertension using FHIT-elevating agent
Enzastaurin or other FHIT-elevating agents. The present
invention relates to the treatment of pulmonary arterial
hypertension using FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents in familial and 1diopathic Pul-
monary arterial hypertension. The present invention also
relates to the use of FHIT-elevating agent Enzastaurin or
other FHIT-elevating agents alone or in conjunction with
previously prescribed medications 1n order to ameliorate the
vascular occlusive phenotype, pulmonary vessel loss,
clevated right ventricle systolic pressure, emphysema, car-
diac fibrosis and right ventricle hypertrophy present 1n
pulmonary arterial hypertension.

The methods described herein are applicable for treating
pulmonary hypertension in patients with any of the follow-
ing: elevated right ventricle systolic pressure, right ventricle
hypertrophy, pulmonary vessel neo-muscularization of pre-
viously unmuscularized vessels and the increase in their
circumierence, pulmonary vessel loss, elevated pulmonary
vessel neointima formation, and elevated pulmonary vessel
media hypertrophy.

Effectiveness or progress ol treatment for pulmonary
hypertension can be measured using methods and param-
cters known 1n the art. For example, electrocardiography can
be used to measure RVSP and PASP, as an indirect measure
of PH status. Right heart catheterization can be used to
measure mean PPAP (PAPm), PAWP, cardiac output and
PVR. Pulmonary Hypertension in general 1s defined as a
PAPmM>25 mmHg. The Group 1 PAH 1s sometimes defined
as PAPm>25, PVR>3 WU as well a PAWP<13.

In a Phase II trial, FHIT-elevating agent Enzastaurin

showed tolerability for 6 months in the duration of the study
(Gray et al., Cancer 2013 119(5):1023-1032). Reported
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side-effects 1ncluded rash, abdominal distension, hypona-
tremia, DVT and hypotension.

Due to the high tolerability, minimal toxicity and low
amount and severity of side-eflects achieved with this drug,
it 1s uselul as a treatment for pulmonary hypertension and
the prevention of the development of familial pulmonary
hypertension 1n at-risk individuals, such as a positive muta-
tion status of BMPR2. The pulmonary hypertension disease
reversal achieved with FHIT-elevating agent Enzastaurin 1s
unprecedented and 1ts use as a treatment strategy for pul-
monary hypertension 1s suggested here. Furthermore, the
cllectiveness of Enzastaurin indicates that other FHIT-el-
evating agents can be used for such treatments, also.

The FHIT-elevating agent Enzastaurin or other FHIT-
clevating agents may be administered alone or 1n combina-
tion with other active compounds that treat or prevent PH.
The other active compound may be administered at a
different time or at the same time as the FHIT-elevating
agent Enzastaurin or other FHIT-elevating agents and 1n
certain embodiments the FHIT-elevating agent Enzastaurin
or other FHI'T-elevating agents and the other active com-
pound may be present in the same formulation, or as
separate formulations in the same kit. Exemplary other
active compounds that treat PH include, e.g., prostacyclin
analogues, endothelin receptor antagonists, phosphodies-
terase-5 1nhibitors, high-dose calcium channel blockers,
anticoagulants, diuretics or antiproliferative agents. In par-
ticular cases, the other active compound may be, for
example, Isordil (1sosorbide dinitrate), Revatio (sildenafil),
Tracleer (bosentan), Letairis (ambrisentan), Flolan (epo-
prostenol), Adcirca (tadalafil), Remodulin (treprostinil) Ven-
tavis (1loprost), Tyvaso (treprostinil), Dilatrate-SR (1sosor-
bide dinitrate), Isordil Titradose (1sosorbide dinitrate),
IsoDitrate (1sosorbide dinitrate) or Isochron (isosorbide dini-
trate).

BMPR2 signaling 1s severely impaired in FPAH patients
compared to unaflected mutation carriers(29, 42, 43) sug-
gesting: 1) a threshold of BMPR2 expression or signaling
below which PAH develops, 11) the presence of BMPR2-
modifying factors, or 111) additional pathways that contribute
to PAH pathogenesis.

We 1dentified FHIT and LCK 1n an extensive siRNA HTS
of more than >22,000 genes, as novel BMPR2 modifier
genes. To confirm a likely clinical importance in PAH, we
cross-validated gene expression of both genes 1n a novel
multi-cohort, multi-tissue analysis of PAH transcriptome
databases that included all PAH etiologies and confirmed
that FHIT was consistently and severely downregulated in
all datasets. As downregulation of LCK was more variable,
we mainly focused in this study on understanding the role of
FHIT in PAH. FHIT was most consistently downregulated 1n
PBMCs, which are thought to be valid surrogates for ubig-
uitous gene expression in PAH patients(35, 42, 44, 45, 46).
We validated our findings of reduced FHIT expression 1n
human PAH lymphocytes, PAECs and lung tissue respec-
tively.

We propose that FHIT 1s a modifier gene that contributes
to variable penetrance of PAH 1n predisposed individuals
with a BMPR2 mutation consistent with the multiple-hit-
theory of PAH development. In support, the low penetrance
of BMPR2 mutations in PAH of 20%(1) 1s comparable to the
genetic predisposition of mammary carcinoma by BRCAI
mutations with likewise only 20-45% penetrance(47). FHIT
serves as a disease-sensitizer 1n sporadic breast cancer,
where a one allele loss of BRCA1 and FHIT, resulted 1n a
poor prognosis with a more aggressive phenotype(47). Simi-
larly, simultaneous loss of FHIT and p53 1n lung cancer,
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predisposed for aggressive lung cancer by dysregulating
pro-proliferative pathways(48). Decreased FHI'T was a pre-
requisite, but not suilicient to mnduce a carcinogenous phe-
notype 1n vitro(49), consistent with the increased genomic
instability in Fhit—/—- mice(30).

We {further propose that low FHIT levels might also
contribute to the observed low levels of BMPR2 1n non-
tamilial PAH patients, given that we measured reduced
FHIT expression across different PAH etiologies. The
mechanism of reduced FHIT expression in PAH 1s unknown
and warrants further investigation. Epigenetic silencing or
heterozygous loss of FHIT may occur due to 1ts location on
the fragile site FRA3B(13), where strand breakages com-
monly appear following hypoxia or carcinogen exposure,
such as cigarette smoke(51-53). Despite the reported inde-
pendence of FHIT expression from FRA3B site breakage in
healthy adults(34), the increased mutagen sensitivity and
potential concomitant defects in the DNA damage repair
system through p33(55) may predispose PAH patients to
FHIT reductions. Alternatively, hypermethylation of FHIT
or its promoter(56-58) observed in malignancies such as
lung cancer(59-63) may also account for low FHIT expres-
sion 1 PAH.

We confirmed that FHIT was an upstream-regulator of
BMPR2 and Id1 and that Enzastaurin, a drug previously
shown to increase FHIT expression(64), increased FHIT,
BMPR2 and Id1l expression in PAECs. To mechanistically
understand how FHIT might regulate BMPR2 signalling, we
assessed the expression of selected BMPR2-regulatory
microRNAs. Both miR17-5 and miR100 target BMPR2 in
vascular(30, 65) and non-vascular cells alike(30, 65, 66).
MiR17-5 down-regulates BMPR2 via Interleukin-6/STAT?3
mediated signaling(67). Reduced FHIT expression increases
miR17-5, an eflect rescued by Enzastaurin. Reduced FHIT
expression 1ncreases miR27a, a miRNA shown to be
increased 1n PBMC of end-stage PAH patients(11). MiR27a
inhibition seems beneficial as 1t reduced PAEC proliferation
(30) and prevented PASMC growth in the pulmonary artery
via BMPR2/PPARy(68). Like miR17-5, Enzastaurin was
able to rescue the increase in miR27a induced by FHIT loss.
Inhibiting miR17-5 antagomirs rescued the siFHIT induced
BMPR2 repression, and might therefore present a promising
treatment strategy, as similar approaches have recently
shown(32, 69)—the caveat being that targeting single
microRNAs likely represents too much of a reductionist
approach to achieve significant improvement of vascular
remodeling 1n human PAH.

Fhit—/— mice develop pulmonary hallmarks of PAH: Mus-
cularization of small arteries and distal artery rarefaction,
exaggerated PH after hypoxia, as well as a failure to recover
alter re-oxygenation. In that respect Fhit—/— mice strongly
resemble mice with an endothelial deletion of Bmpr2(70). In
addition to reduced Fhit expression throughout the experi-
ment, Fhit—/- mice developed reduced BMPR2 levels in
hypoxia compared to C57 mice, potentially accounting for
the more severe PH phenotype 1n hypoxia. While BMPR?2
levels normalized after 4 weeks re-oxygenation, Fhit—/—
mice still failed to fully recover, which could be explained
cither by a slower recovery from a more severe vascular
damage/dysiunction 1n Fhit—/— mice or additional BMPR2-
independent roles of FHIT required for recovery. See FIG.
12.

Vascular dystunction 1n PAH i1s thought to be mitiated by
endothelial injury and early apoptosis leading to pulmonary
vessel loss(12), followed by proliferation of apoptosis resis-
tant vascular cells(71). Heightened baseline DNA damage
and mutagen-sensitivity 1n vivo(26, 34, 35), that may pre-
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date disease onset(72), likely further contribute to EC vul-
nerability. FHIT-loss leads to an increased sensitization to
mutagen damage and therefore might pose a risk factor for
vascular injury and failed recovery. As shown herein,
reduced levels of FHIT and BMPR2 are associated with
vascular dysfunction; causing apoptosis, impaired tube for-
mation and increased DNA damage in PAECs as well as
heightened proliferation of PASMCs, consistent with the
reported aggravation of DNA damage upon FHIT-loss in
preneoplasia(73). Strategies that increase BMPR2 signaling
on the other hand—as shown by using Enzastaurin—im-
proved these vascular phenotypes(7, 12, 74, 73).

FHIT 1s known to suppress EGFR/Src/ERK/Slug-regu-
lated endothehial mesenchymal transition (EndMT) in lung
cancer cells. Reduced FHIT levels therefore could facilitate
EndMT, and together with the increased proliferation of
SMCs with low FHIT levels, could explain the increase 1n
aSMA-positive cells, medial hypertrophy and adventitial
hypertrophy of distal pulmonary vessels that we have
observed(76-78). The wvascular rarefaction observed 1n
Fhit—/— mice may be attributed to increased PAEC apoptosis
in distal arteries, defects 1n cell-cell adhesion or migration of
PAEC to sites of vascular injury, as evidenced by increased
numbers of circulating EC 1n PAH patients(/79).

As a proof-of-concept for the potential use of Enzastaurin
in BMPR2 deficient PAH patients, we first investigated
Enzastaurin in Bmpr2+/— and wild-type C57BL/6 mice and
provided evidence that a 2-week treatment with Enzastaurin
(15 mg/kg/day) attenuated hypoxia-induced PH, as mea-
sured by changes in RVSP, RVH and pulmonary physiology.
For potential translational relevance, we found an additive

effect of FK506 and Enzastaurin treatment 1n mice.
We then set out to test

Enzastaurin in the SUGENS5416/
Hypoxia/Normoxia rat model that develops severe pulmo-
nary vascular remodeling that most closely mimics the
human disease(41) including the severe neointima formation
and RV failure(80), thus being superior to mouse models and
the Monocrotaline rat model that develops severe PH pre-
dominantly due to medial hypertrophy(81). Few studies
have demonstrated reversal of established PH 1
SUGEN3416/Hypoxia/Normoxia rats(6, 12, 32, 82, 83). We
found that low-dose Enzastaurin (5 mg/kg/day) potently
reversed SUGENS5416/Hypoxia/Normoxia-induced lung
and RV damage by increasing FHIT and BMPR2 signaling.
The interpretation of the finding 1s limited though based on
the small sample size. While Enzastaurin 1s evaluated as a
PKC{} 1nhibitor 1n cancer(21), we did not observe a signifi-
cant decrease in PKC activation as measured by its phos-
phorylation (FIG. 13) 1n whole lung tissue after Enzastaurin
treatment of SUGENS5416/Hypoxia/Normoxia treated rats.
We confirmed that Enzastaurin increased FHIT and BMPR2
at low doses (5-15 uM) 1n vitro (FIG. 14) and that Enzastau-
rin differs from other selective PKCP and global PKC
inhibitors with regards to its potential to modulate FHIT,
BMPR2 and ID as well as 1s effect on PAEC function (FIG.
15, FIG. 16). This might be due to our relative low-dose
Enzastaurin treatment 1n vivo compared to previous clinical
trials(84, 85), 1n vivo rodent studies(86) and doses required
to achieve reductions 1n PKC phosphorylatlon in vitro(87).
We therefore propose that the effect of Enzastaurin on
vascular remodeling as well as FHIT expression that we
observed 1s largely PKC-independent. How Enzastaurin
increases FHIT 1s unknown; yet one potential mechanism
may be Scr-mediated inhibition of FHIT phosphorylation
and prevention of 1ts subsequent degradation(88, 89).

Data herein demonstrates a role for FHIT in PAH patho-
genesis as a BMPR2 modifier gene, providing insight into
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BMPR2 regulation as well as opportunities for PAH inter-
vention. FHIT expression 1s consistently downregulated in
PAH. Reduced FHIT levels reduce BMPR2 expression and

signaling, and FHIT loss 1 vivo leads to exaggerated
experimental PH 1n response to hypoxia. FHIT expression
can be readily increased by Enzastaurin, which was benefi-
cial in the prevention and treatment of experimental PH 1n
Bmpr2+/- mice and SUGEN3416/Hypoxia/Normoxia rats.
Accordingly, the data show that FHIT 1s a novel and
potentially essential component of the BMPR2 signaling
architecture 1n PAH and that reduced FHIT levels can
predispose to PAH development. These studies demonstrate
cellective methods for use of Enzastaurin as a beneficial
treatment for PAH.

EXAMPLES

The following examples are put forth to provide those of
ordinary skill in the art with a complete disclosure and
description of how to make and use the present invention;
they are not intended to limit the scope of what the inventors
regard as their invention. Unless indicated otherwise, part
are parts by weight, molecular weight 1s average molecular
weilght, temperature 1s in degrees Centigrade, and pressure 1s
at or near atmospheric.

In this study, Enzastaurin (Selleckchem, Houston, Tex.)

and SUGEN3416 (Tocrs, Bristol, UK) were used.

Example I. FHIT —/- C57BL/6 Develop
xperimental PAH in Response to Chronic
Hypoxia

Pulmonary arterial hypertension (PAH) 1s a progressive
lung disease, characterized by an increased pulmonary
artery pressure, right ventricle (RV) hypertrophy and ulti-
mately right heart failure. Bone Morphogenetic Protein
Receptor type 2 (BMPR2) mutations or aberrant BMPR?2
signaling have been reported 1n many PAH patients and are
linked to the pathogenesis of the disease. Modulating
BMPR2 signaling with repurposed drugs 1s an attractive
strategy to treat this devastating disease. In a siRNA High
Throughput Screen, we previously discovered Fragile His-
tidine Triad (FHIT) as a novel BMPR2 modulatory gene. We
showed that reduced FHIT expression was associated with
endothelial cell dysfunction and was reduced 1n PAH patient
PBMCs, PAECs, transtormed lymphocytes and lung tissue,
suggesting that low FHIT promoted pulmonary hyperten-
sion and emphysema. In vitro, FHIT and BMPR2 expression
could be up-regulated by FHIT-elevating agent Enzastaurin
or other FHIT-clevating agents.

FHIT-/— C57BL/6 vs. littermate wildtype (C357) mice
were housed for three weeks 1n normoxic (Nx, 20% O,),
hypoxic (Hx, 10% O,) conditions, a hypoxia-recovery (Rec,
3 weeks Hx/4 weeks Nx) period for 4 weeks, compared to
7 weeks Nx controls. Results are shown 1n FIGS. 1A-1K for
male mice: FIG. 1A, Right ventricular systolic pressure
(RVSP) was measured by pulmonary artery catheterisation
(male, C57 n=3, FHIT-/- Nx Rec n=3, FHIT-/- Hx n=4).
FIG. 1B, Right ventricle (RV) hypertrophy 1s demonstrated
by the weight ratio of RV to left ventricle and septum
(RV/LV+S) (male, C57 NX Rec n=3, C57 Hx n=6, FHIT—/-
Nx Hx n=3, FHIT-/- Rec n=4). FIG. 1C, Loss of alveolar
wall (AW) and alveolar duct (AD) pulmonary vessels and
FIG. 1D, thewr full or partial muscularization (%) was
assessed i MOVAT stained lung sections (male, C57 n=3,
FHIT-/- Nx n=3, FHIT-/- Hx Rec n=4). FIG. 1E, Repre-
sentative MOVAT lung histology. Arrows indicate vessel
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position. FIG. 1F, Representative deep tissue imaging of
agarose-intlated whole lobes from Nx C357 and FHIT —/-
mice (n=2). FIG. 1G, Representative IF staining of pulmo-
nary vessels with aSMA and avWF antibodies. FIG. 1H,
Representative immunoblots and relative densitometric
analysis of FHIT (FIG. 1I) and BMPR2 (FIG. 1]) protein
expression 1n lung tissue normalised to a P-actin housekeep-
ing control (male, C57 n=3, FHIT-/- Nx n=3, FHIT-/- Hx
n=3, FHIT-/- Rec n=4). FIG. 1K, Representative immuno-
blots of PKC and Phospho PKC protein expression in lung
tissue normalised to a P-actin housekeeping control (male,
C57 n=3, FHIT-/- Nx n=3, FHIT-/- Hx n=5, FHIT-/- Rec
n=4). *p<0.05, **p<0.01, ****p<0.0001 vs. Nx control,
#p<0.05, ##p<0.01, ###p<0.001 vs. C57 control, Two Way
ANOVA, Turkey’s post-test.

Results are shown in FIGS. 2A-2F for female mice:
FHIT-/— C37BL/6 vs. littermate wildtype (C57) mice were
housed for three weeks 1n normoxic (Nx, 20% 0,), hypoxic
(Hx, 10% 0,) conditions, a hypoxia-recovery (Rec, 3 weeks
Hx/4 weeks Nx) period for 4 weeks, compared to 7 weeks
Nx controls. FIG. 2A, Right ventricular systolic pressure
(RVSP) was measured by pulmonary artery catheterisation
(female). FIG. 2B, Right ventricle (RV) hypertrophy 1s
demonstrated by the weight ratio of RV to left ventricle and
septum (RV/LV+S) (female) FI. 2C, Loss of alveolar wall
(AW) and alveolar duct (AD) pulmonary vessels and FIG.
2D, their 1rill or partial muscularization (%) was assessed 1n
MOVAT stained lung sections (female). FIG. 2E, Represen-
tative MOVAT lung histology depicting vessel loss. Arrows
indicate vessel position. FIG. 2F, Representative MOVAT
lung histology depicting vessel structure. Arrows indicate
vessel position. *p<0.03, **p<0.01, ****p<0.0001 vs. Nx
control, #p<0.05, ##p<0.01, ##Hp<0.001 vs. C57 control,
Two Way ANOVA, Turkey’s post-test.

Male and female FHIT-/- C57BL/6 mice developed
experimental PAH after chronic exposure to Hypoxia.
Brietly, FHIT-/— C57BL/6 vs. littermate wildtype (C37)
mice were housed for three weeks 1 normoxic (Nx, 20%
O,), hypoxic (Hx, 10% O,) conditions, a hypoxia-recovery
(Rec, 3 weeks Hx/4 weeks Nx) period for 4 weeks, com-
pared to 7 weeks Nx controls. Right ventricle systolic
pressure (RVSP) was measured by pulmonary artery cath-
cterization and was found to be elevated in response to
hypoxia 1n males (FIG. 1A) and already at baseline in
temales (FIG. 2A). Elevated RVSP levels were maintained
in both groups upon return to normoxia. Likewise, right
ventricle (RV) hypertrophy was demonstrated by the
clevated weight ratio of RV to left ventricle and septum
(RV/LV+S) in hypoxic conditions in males (FIG. 1B) and 1n
both normoxia and hypoxia 1in females (FIG. 2B). In both
cases, elevated RV/LV+S ratios were maintained upon
return to normoxia.

Elevated alveolar wall (AW) and alveolar duct (AD)
pulmonary vessel loss (FIGS. 1C, 2C, 2E) and their tull or
partial muscularization (%) (FIGS. 1D, 1F-G, 2D, 2F) was
found throughout all test conditions.

Western Blots to test for protein levels of FHIT, BMPR2,
PKC and phosphorylated PKC confirmed decreased FHIT
levels i the FHIT -/- amimals, with simultaneously
decreased BMPR2 levels in hypoxia. However, no change 1n
total PKC levels or PKC phosphorylation was detected,
suggesting that FHIT does not regulate PKC or PKC phos-
phorylation.

This experiment shows that FHIT 1s an important mol-
ecule 1n the development of pulmonary hypertension and
emphysema, and its effect 1s independent of PKC levels and
PKC phosphorylation status.
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Example II Enzastaurin Prevents Hypoxia-Induced
Experimental PAH Development 1n C57BL/6 and
BMPR2+/-C57BL/6 Mice

Most familial PAH patients have a BMPR2 mutation. >
However, the presence of a BMPR2 mutation only predis-
poses for, but does not alone cause the development of PAH,
suggesting that a second factor contributing to the onset of
the disease may be present. As FHIT 1s readily lost in
response to stressors, such as hypoxia and cigarette smoke,
it 1s proposed that the hypoxia-induced development of PAH
in C57BL/6 and BMPR2 deficient (BMPR2+/-) C57BL/6

mice may be prevented by the use of the FHIT elevating
agent FHI'T-increasing chemical Enzastaurin.

BMPR2+/- mice and C57 controls were exposed to 3
weeks of chronic hypoxia and admimistration of 5 mg/kg
daily FHIT-elevating agent Enzastaurin or other FHIT-el-
evating agents through an osmotic pump. Right Ventricular

(RV) Systolic Pressure was measured through right jugular ¢
vein catheterization and RV hypertrophy was assessed by the
weilght ratio of the RV to left ventricle+septum. Vessel loss
and muscularization of lung vessels were visualized by
MOVAT pentachrome stain. For this experiment, Male
Wildtype and BMPR2+/-C57BL/6 (C57) mice were housed 25
for three weeks 1n normnoxic (Nx, 20% 0,) and hypoxic
(Hx, 10% 0,) conditions, treated with or without daily
administration of 5 mg/kg Enzastaurin by Alzet mini-os-
motic pump model 2006. Data are presented in FIGS. 3A to
3F: FIG. 3A, Right ventricular systolic pressure (RVSP) was 30
measured by pulmonary artery catheterization (n=3,
MeanxSEM, **p<0.01 vs. Nx control, One Way ANOVA,
Sidak’s post-test). FIG. 3B, Right ventricle (RV) hypertro-
phy 1s demonstrated by the weight ratio of RV to left
ventricle and septum (n===3, MeanxSEM, #p<0.05 vs. 35
vehicle control, Two Way ANOVA, Turkey’s post-test). FIG.
3C, Loss of alveolar wall (AW) and alveolar duct (AD)
pulmonary vessels and FIG. 3D, their full or partial mus-
cularization (%) was assessed in MOVAT stained lung
sections (n=3, Mean SEM, *p<0.05 vs. C57 control, 40
#p<0.01, ##Hp<0.001 vs. vehicle control, Two Way
ANOVA, Turkey’s post-test). FIG. 3E, Representative
MOVAT lung histology depicting vessel loss. Arrows 1ndi-
cate vessel position. FIG. 3F, Representative MOVAT lung
histology depicting vessel structure. Arrows indicate vessel 45
position.

At high doses, far above the described Ki of the com-
pound, the FHIT-increasing chemical Enzastaurin prevents
the development of hypoxia-induced experimental PAH in

C57BL/6 mice. Brietly, male wildtype and BMPR2+/- 50
C57BL/6 (C57) mice were housed for three weeks 1n
normoxic (Nx, 20% O,) and hypoxic (Hx, 10% O,) condi-
tions, treated with or without daily admimstration of 3
mg/kg FHI'T-increasing chemical Enzastaurin by Alzet mini-
osmotic pump model 2006. FHIT-increasing chemical 55
Enzastaurin induced a partial reduction of elevated rnight
ventricle systolic pressure (RVSP) levels compared to the
hypoxia vehicle control (FIG. 3A) and a substantial reduc-
tion 1n right ventricle (RV) hypertrophy, as demonstrated by

the weight ratio of RV to left ventricle and septum, was 60
observed 1n both C57BL/6 mice, as well as BMPR2+/-

C57BL/6 mice that were housed 1 hypoxia (FIG. 3B). In
both, C57BL/6 mice, as well as BMPR2+/-C57BL/6 mice,
loss of alveolar wall (AW) and alveolar duct (AD) pulmo-
nary vessels was significantly ameliorated by treatment with 65
FHIT-increasing chemical Enzastaurin (FIGS. 3C, 3E), as

was their full or partial musculanization (FIG. 3D, 3F).
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FHIT-increasing chemical Enzastaurin prevents the
development of pulmonary hypertension at high doses

through the prevention of vessel loss and abrogation of
vessel muscularization. In mice with decreased levels of
BMPR2, FHIT-increasing chemical Enzastaurin treatment
was an ellective strategy to prevent development of pulmo-
nary hypertension in response to hypoxia. The high doses
required to achieve a therapeutic eflect are thought to be
caused by unspecific targeting of many different molecular
targets at high doses.

Example 1II. Enzastaurin Reverses Experimental
PAH m Sugen 5416/Hypoxia Rats

Administration of Sugen 5416 to rats and their subsequent
exposure to chronic hypoxia results 1n 1rreversible pulmo-
nary vascular remodelling and elevation 1n right ventricular
systolic pressure, as well as RV hypertrophy. Therefore, this
model 1s a model of choice for the assessment of experi-
mental pulmonary hypertension and emphysema in vivo.

Experimental PAH was induced in male Sasco Sprague
Dawley rats by subcutaneous injection of 20 mg/kg body
weight SU3416. Amimals were housed for 3 weeks in
hypoxic (Hx, 10% O,) conditions, followed by a 5 week
period 1n normoxia (Nx, 20% O,), following daily admin-
istration of 5 mg/kg body weight FHIT-elevating agent
Enzastaurin or other FHIT-elevating agents or vehicle con-
trol by oral gavage. Echocardiography was performed to
assess development of RV hypertrophy and Ejection Frac-
tion. Right Ventricular (RV) Systolic Pressure was measured
through right jugular vein catheterization and RV hypertro-
phy was assessed by the weight ratio of the RV to left
ventricle+septum. Vessel loss and muscularization of lung
vessels were visualized by MOVAT pentachrome stain. Data
are presented 1 FIGS. 4A-4F: FIG. 4A, Right ventricular
systolic pressure (RVSP) was measured by pulmonary artery
catheterization (n=3, MeantSEM, **p<t0.01 vs. Nx control,
One Way ANOVA, Sidak’s post-test). FIG. 4B, Right ven-
tricle (RV) hypertrophy 1s demonstrated by the weight ratio
of RV to left ventricle and septum (n=3, Mecan+SEM,
#p<0.05 vs. vehicle control, Two Way ANOVA, Turkey’s
post-test). FIG. 4C, Loss of alveolar wall (AW) and alveolar
duct (AD) pulmonary vessels and FIG. 4D, their full or
partial muscularization (%) was assessed 1n MOVAT stained
lung sections (n=3 MeanxSEM, *p<0.05 vs. C57 control,
#p<0.01, #HH#p<0.001 vs. vehicle control, Two Way
ANOVA, Turkey’s post-test). F1G. 4E, Left ventricle Ejec-

tion fraction was calculated through Echocardiographic
assessment of cardiac structure and function before and after
treatment with Enzastaurin for 3 weeks. FIG. 4F, Represen-
tative MOVAT lung histology.

Enzastaurin reverses the Vascular occlusion, cardiac
fibrosis and improves Cardiac output 1n Sugen 5416/hypoxia
rats. Briefly, experimental PAH was induced 1n male Sasco
Sprague Dawley rats by subcutaneous injection of 20 mg/kg
body weight SU5416. Animals were housed for 3 weeks 1n
hypoxic (Hx, 10% O,) conditions, followed by a 5 week
period 1n normoxia (Nx, 20% O,), following daily admin-
istration of 5 mg/kg body weight FHIT-increasing chemaical
Enzastaurin or vehicle control by oral gavage. Right ven-
tricle systolic pressure (RVSP) (FIG. 4A) and night ventricle
hypertrophy (FIG. 4B) was lower in FHIT-increasing chemai-
cal Enzastaurin treated rats with experimental pulmonary
arterial hypertension than the vehicle treated controls with
experimental PAH.

Loss of alveolar wall (AW) and alveolar duct (AD)

pulmonary vessels (FIG. 4C) and their full or partial remod-
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cling was substantially and significantly reversed by FHIT-
increasing chemical Enzastaurin (FI1G. 4D, 4F). This coin-
cided with the improvement of LVEF (%), calculated by
Echocardiography after treatment with FHIT-increasing
chemical Enzastaurin, whereas the heart function 1n vehicle
treated controls with experimental pulmonary hypertension
and emphysema declined drastically.

FHIT-increasing chemical Enzastaurin reversed endothe-
lial remodelling and experimental PAH 1n the Sugen5416/
Hypoxia rat model, suggesting 1ts use as a potent treatment
strategy for PH 1n mammals. The high doses required to
achieve a therapeutic effect are thought to be caused by
unspecific targeting of many diflerent molecular targets at

high doses.

Example IV. FHIT-Increasing Chemical Enzastaurin
Requires FHIT, but not PKC to Reverse Pulmonary

Hypertension

mRNA expression of FHIT, normalized to GAPDH was
assessed 1n PAECs transfected with an siFHIT or non-
targeting control (Nts1) pool of 4 siRNAs, incubated with or
without 15 uM FHIT-increasing chemical Enzastaurin for 24
hours. FHIT homozygous (-/-) and wildtype C57 mice are
being exposed to normoxia or chronic hypoxia for 3 weeks,
with or without exposure to 3 weeks of chronic hypoxia and
administration of 5 mg/kg daily FHIT-elevating agent
Enzastaurin or other FHIT-elevating agents through an
osmotic pump. Experimental PAH will be assessed based on
Right Ventricular (RV) Systolic Pressure measurements
through right jugular vein catheterization and RV hypertro-
phy was assessed by the weight ratio of the RV to left
ventricle+septum. Vessel loss and muscularization of lung
vessels will be visualized by MOVAT pentachrome stain or
IF staiming with aSMA and avWF antibodies.

Results are shown 1n FIG. 5: A. Relative mRNA expres-
sion of FHIT normalized to GAPDH in PAECs transfected
with an siFHIT or non-targeting control (Nts1) pool of 4
siRNAs (gPCR, Amaxa nucleofection, t=48h, n=3,
MeanxSEM), incubated with or without 15 uM FHIT-
increasing chemical Enzastaurin for 24 hours. B, Ingenuity

pathway analysis of the described relations between FHIT
and PKC. C, FHIT-increasing chemical F

Enzastaurin does not
protect Irom pulmonary hypertension development 1n
C57BL/6 FHIT —/— mice and fails to increase FHIT levels,
while effectively downregulatmg PKC levels.

FHIT mRNA expression 1n PAEC deficient in FHIT
showed that FHIT-increasing chemical Enzastaurin potently

increases FHIT expression, but 1s unable to affect PAEC
FHIT levels, once the mRINA 1s suppressed by siRNA (FIG.

5A).

A pathway analysis of known protein interactions with the
Ingenuity pathway analysis tool demonstrated that FHIT 1s
not thought to interact with PKC, but be involved 1 a
separate signaling pathway, independent of PKC.

FHIT 1s a cnitical hypertension-suppressor gene that,
when lost, results 1n the development of the devastating
pulmonary hypertension phenotype. Chemicals or agents
that increase FHI'T expression, such as Enzastaurin, are thus
expected to provide an eflective treatment strategy in the
prevention and treatment of pulmonary hypertension and
emphysema 1n mammals.

Example V. High Throughput (HTS) siRNA Screen

High throughput siRNA screen of >22,000 genes using an
Id1-BRE luciferase reporter assay in a C2C12 mouse myo-
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blastoma cell line treated with or without 250 pm BMP4 was
conducted as previously described(12) in the Stanford High-
Throughput Bioscience Center. Briefly, C2C12 myoblas-
toma cells were stably transfected with BRE-Id1 linked to
luciferase as a reporter cell line(E1) and screened on 72x384
well siRINA plates. The transfection conditions were opti-
mized with BMP4 as stimulus, siBMPR2 and siTox as
controls, DharmaFect3 as the transfection reagent and opti-
mal concentrations for siRNAs (25 nM) and cell numbers/
well (1500). Target genes decreased Id1 expression to <60%,
comparable to siBMPR2, while maintaining a general cell
viability of >70% to exclude cell death response genes. Of
the resulting 579 genes, unspecific genes, such as pseudo-
genes, RNA polymerase subunits, RNA splicing, transport
factors and ribosome units were excluded i1n a secondary
screening approach, yielded 96 genes, which were validated
by target-specific siRNA pools. Hits were defined as a =60%
reduction 1 Id1 expression, as well as a stricter cell viability
criteria of =80% with a least 2 individual siRNAs. This
yielded 74 gene candidates that were cross-validated using
the novel meta-analysis approach discussed below. The
process and results are summarized in FIG. 6.

Animal Models.

Fhit homozygous (—/-) mice were obtained from Kay F.

Huebner (Ohio State University). Bmpr2+/— mice were a
g1it from Marlene Rabinovitch (Stanford University). Adult
wildtype C57BL/6 mice, Bmpr2+/— or Fhit—/— mice at 8-10
weeks of age were housed 1n chronic hypoxia (10% O,) for
3 weeks, followed by a recovery period of 4 weeks 1n
normoxia (21% 0O,). Bmpr2+/- and Fhit—/- mice and lit-
termates were treated with a daily dose of Enzastaurin (15
and 5 mg/kg/day) or vehicle for the duration of the study,
administered mini1 osmotic pump. Development of experi-
mental PH was induced 1n adult Sprague Dawley rats (8
weeks old, 180-220 g) through a subcutaneous dose of the
VEGFR-2 mhibitor SUGEN5416 (20 mg/kg body weight),
followed by exposure 1o chronic hypoxia (10% O,) for 3
weeks and normoxia for 5 weeks (21% O,), as previously
described(12). SuHx rats and littermates were treated with a
daily dose of Enzastaurin (5 mg/kg body weight) or vehicle
for 3 weeks, administered through oral gavage. Right Ven-
tricular (RV) Systolic Pressure was measured through right
jugular vein catheterization, and RV hypertrophy (RVH) was
assessed by the weight ratio of the RV to left ventricle and
septum (LV+S).

All amimal experiments were approved by the Stanford
University Institutional Animal Care and Use Committee.
Experiments involving human tissue or derived primary
cells were approved by the Stanford University Institutional
Review Board and the Administrative Panel on Human
Subject Research.

Isolation of Cells from Human PAH Patients.

PAEC of IPAH and FPAH patients at time of lung
transplant were obtained from digested whole lung tissue,
using CD31-AB pulldown beads as previously described
(12). Penipheral Blood Mononuclear Cells (PBMCs) were
1solated from PAH patients with negative BMPR2 mutation
status or healthy volunteers through Ficoll-Paque density
gradient centrifugation (10). Lymphocytes from BMPR2™**
PAH patients and their unaflected relatives were 1solated
from the whole blood using gradient centrifugation and
subsequently virally transformed, as previously described
(23).

Histology and ICC.

Murine and rat lung tissue was fixed 1n paraformaldehyde
(PFA) for 48 hours and preserved in EtOH. Parathin embed-

ded lung slides were stained with a Movat pentachrome stain
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(Histo-Tec, Hayward, Calif.), where vessel loss and muscu-
larization of pulmonary vessels was visualized by light
microscopy. Fluorescent immunocytochemistry on lung sec-
tions was performed on deparathnmized (Histoclear 11,
National Diagnostics) tissue sections with primary antibod-
ies for von-Willebrand factor (vWF) and alpha smooth
muscle actin (aSMA) following antigen-retrieval. Human

PAH lung tissue was stained for anti-BMPR2 (Ab130206,
Abcam) and anti-FHIT (kind gift of Kay F. Huebner, Ohio
State University ). PFA-fixed paratlin-embedded heart tissue
was stained with trichrome staining (Histo-Tec, Hayward,
Calif.) to visualize fibrotic transformation.

Cell Culture.

Human PAEC (Promocell) or human PASMC (Promo-
cell) were grown as monolayers 1n gelatin-coated dishes 1n
a commercial EC (Promocell) or SMC (Promocell) media,
respectively. Cells were passaged at 1:3 ratios and used for
experiments from passages 3-8. Transformed lymphocytes
(1.e., lymphoblasts) were cultured in RPMI 1640 with
10-15% FBS.

Isolation of Cells from Human PAH Patients.

PAEC of IPAH and FPAH patients at time of lung
transplant were obtained from digested whole lung tissue,
using CD31-AB pulldown beads (Dynabeads; Invitrogen),
as previously described(E1). Peripheral Blood Mononuclear
Cells (PBMCs) from were 1solated from the peripheral blood
ol end-stage PAH patients with negative BMPR2 mutation
status or healthy volunteers through Ficoll-Paque density
gradient centrifugation, dextran sedimentation and RBC
lysis, as previously described(E8). Lymphocytes from
BMPR2™* PAH patients and their unaffected relatives
were 1solated from the whole blood using gradient centrifu-
gation and subsequently virally transformed, as previously

described(E1).

RNA Interference.

FHIT expression was modulated by RNA1 1n PA endothe-
lial cells (PAEC). A pool of 4 siRNAs for BMPR2, FHIT,
LCK or a non-targeting control pool (Dharmacon) were
transiected into PAECs using the RN A1 Max kit (Invitrogen)
for 48 hours. mRNA knockdown efliciency was determined
by qPCR.

gPCR Assay to Detect mRNA and miR Expression.

For mRNA, total RNA was extracted from whole lung
tissue using the RNAeasy Plus Kit ((Qiagen) and reverse
transcribed ito ¢DNA using random primers with the
Tagman cDNA reverse transcription Kit (Applied Biosci-
ences) according to the manufacturer’s instructions. For
miR, total miR was 1solated from whole lung tissue using the
Tagman miRNA ABC punfication Kit (Applied Biosci-
ences) and was reverse transcribed using specific primers
and the Tagman microRNA reverse transcription kit (Ap-
plied Biosciences). mRNA and miR expression levels were
quantified using Tagman primer/probe sets for the target and
normalized to a housekeeping control (mRNA: GAPDH;
miR: RNU48).

Western Blotting.

Western blotting was performed as previously described
(E1). Antibodies for BMPR2 (Ab130206, monoclonal,
Abcam), FHIT (NBPI-89061, polyclonal, Novus Biologi-
cals; Ab180806, polyclonal, Abcam), PKC (Ab76016,
monoclonal, Abcam), P-PKC (Ab32376, [Y124], monoclo-
nal, Abcam), LCK (NBPI-19840, polyclonal, Novus Bio-
logicals), p38 (Ab31828, monoclonal, Abcam), Idl
(sc133104, monoclonal, Santa Cruz Biotechnology), Smadl
(#9743, Cell Signaling), P-Smad1/5/9 (#13820P, Cell Sig-
naling) and -Actin (Sc47778, monoclonal, Santa Cruz)
were used.
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Apoptosis, DNA Damage, MTT Proliferation and Matri-
gel Tube Formation Assays.

Assays were conducted according to the manufacturer’s
instructions and as previously described(E1,E9).

Deep Tissue Imaging.

Deep tissue 1maging of agarose-inflated lungs was con-
ducted on a Leica M205FA fluorescent stereomicroscope
using a Hamamatsu Orca Flash 4.0LT camera as previously
described(E10,E11). Arterial muscularization in agarose-
inflated lungs was assessed 1n arteries accompanying the left
lobe secondary lateral airrway branch 1.4 (L:L4)(E10) and
was designated as branching generation 1 before the point of
its bifurcation. Further descendant artery branch genera-
tions, generated by bifurcation or domain branching alike,
were designated as branch generations 2-12. An increase in
generation numbers was apparent for generations 6-10 1n
Fhit—/- mice, whereas wildtype mice did not exceed gen-
eration 7 of muscularized vessels.

Statistical Analysis.

Data were analyzed using GraphPad Prism version 7.00,
GraphPad software (La Jolla, Calif.). Statistical tests were
performed as appropriate and included the following: Stu-
dent’s t-test, One-Way ANOVA and Two-way ANOVA,
followed by the appropriate post-hoc test, as indicated.

Differences were considered to be statistically significant as
follows: p<t0.05 (*/#), p<0.01 (**/##), p<<0.001 (***/H##),

p<0.0001 (5% */HHH).

Example VI. Meta-Analysis of Publicly Available
PAH Gene Expression Data

A novel itegrated meta-analysis algorithm and a valida-
tion cohort was used to cross-validate the resulting list of 74
BMPR2 modifier gene candidates from the mouse myoblas-
toma HTS in seven publicly available human PAH transcrip-
tomic datasets from the NCBI Gene Expression Omnibus
(GEO) (Lung: GSE15197, GSE24988, GSE48149; PBMC:
GSE19617, GSE22356, GSE33463, GSE703). All samples
were uniformly curated using standardized vocabularies
linked to the National Library of Medicine (NLM) United
Medical Language System (UMLS), a parent vocabulary
which includes Gene Ontology, SNOMED-CT, I1CD-9, and
ICD-10, as well as over a hundred other commonly used
standardized vocabularnies. The 7 PAH data sets comprised
291 samples from either PAH lungs (153 samples) or
PBMCs (138 samples), which were used to develop a PAH
dataset. We downloaded and manually curated each dataset,
as previously described(E2-EJS). Briefly, the data itself was
normalized and converted to log 2 using previously pub-
lished methods(E6). We used two different meta-analysis
approaches, called (1) combining fold changes and (11)
combining p-values as previously described(E7). Difleren-
tially expressed genes were selected that (1) had a specific
false discovery rate threshold <10%, and (11) were expressed
in the same direction (up- or downregulated) in at least 75%
of the studies. To account for data dominance, caused by the
unequal sample number, we removed one data set at a time
for the meta-analysis.

The 74 targets from the mouse myoblastoma HTS were
validated 1n human lung and PBMC PAH datasets to ensure
that potential BMPR2 modifier genes were important in
human PAH samples. A double screening approach was
deemed necessary to account for healthy control subject
variability, determining gene targets that are most relevant
for human disease and most consistently regulated.

In addition to comparing the HTS siRNA results with the
PAH gene expression datasets, we predicted an anti-PAH
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signature, which essentially 1s characterized by an opposite
gene expression to the PAH signature. The availability of
gene expression profile datasets for drugs allows 1dentifica-
tion of FDA-approved drugs that may beneficial to treat
PAH. We integrated a reference collection of gene-expres-
sion profiles from cultured human cells treated with bioac-
tive small molecules. The database LINCS profiled a large
number of drugs across marny cell lines. LINCS 1s the largest
database of gene expression profiles of cultured human cells
treated with different drugs. At the time of analysis, there
were 20,413 chemical perturbagens profiled on LINCS
across 18 “gold” cell lines on the L1000 platform
(www.lincscloud.org). With this technique we predicted
which genes Enzastaurin and Dasatinib would target and
whether the gene expression profile would be more similar
to the PAH signature or anti-signature.

Example VII. HTS of BMPR2 Modulators and
Multi-Cohort PAH Gene Expression Assay

To find ‘BMPR2 modifier genes” we conducted an HTS
with a murine genome-wide siRNA library (Qiagen) that
included 22,124 murine genes (ORFs), with 4 pooled siR-
NAs for each gene using the BRE-Id1-Luc reporter cell line
as previously described(12) as a read-out for BMPR2 sig-
naling. In a two-step screening approach, target gene siR-
NAs decreased Idl expression to =60%, comparable to
siBMPR2, while maintaining a general cell viability of
=70% with 4 siRNAs or 280% with 2 siRNAs respectively,
to exclude cell death response genes. This yielded 74
BMPR2-modifier gene candidates that were then compared
to multi-cohort, multi-tissue PAH gene expression datasets
obtained from the public domain(24-26) to 1dent1fy a subset
of genes that were diflerentially downregulated in IPAH
versus controls (FIG. 6A). We 1dentified 8 candidate genes
with decreased expression in IPAH patients and thereby of

potential clinical importance in PAH that overlapped with
HTS candidate BMPR2-modifier genes: ITGA6, FHIT,

LCK, CD7 from the PBMC datasets and PP1R15B, PPM1A,
GRIN2B, DUSP7 from the lung datasets (FIG. 6B). The
most promising as related to PAH pathogenesis appeared to
be FHIT and LCK (Lymphocyte-specific protein tyrosine
Kinase). FHIT was most consistently reduced (>50%; 2~"),
arguing for a consistent role n PAH pathology. LCK was
strongly connected to PAH pathogenesis, as LCK 1s known
to be mnhibited by Dasatimib(27), a reported trigger of
drug-induced PAH(28).

We furthermore compared the PAH gene expression sig-
nature dertved from the public available PAH transcriptomic
PBMC datasets, predicted a complimentary anti-PAH sig-
nature and compared both with the gene expression profile
of two drugs, Dasatinib and Enzastaurin, a drug known to
increase FHIT. Both drug both profiles were derived from
the LINCS database that profiled a large number of drugs
across many cell lines (www.lincscloud.org). In the gene
cluster containing FHIT, Enzastaurin-induced gene regula-
tion was similar to the PAH anti-signature (FIG. 6C, Box)
whereas Dasatinib-induced gene regulation resembled the
PAH signature. This suggests that drugs which mimic the
PAH gene expression signature, such as Dasatinib, may be
detrimental to PAH, while drugs that reverse the PAH

signature, such as Enzastaurin, would be useful for treatment
of PAH.

Example VIII. Downregulation of BMPR2 and 1ts
Modifier Gene FHIT 1s Observed in PAH Cells and
Lung Tissue and Appears to Modily FPAH Disease

Penetrance

As FHIT and LCK were 1dentified in the PBMC gene
expression dataset, we first investigated whether FHIT was
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consistently decreased in PAH patient cells, 1.e., peripheral
blood mononuclear cells (PBMCs), pulmonary artery
endothelial cells (PAECs) and transformed lymphocytes, as

well as lung tissue.
We measured BMPR2, FHIT and LCK expression in

PBMCs from 8 PAH patients without BMPR2 mutations,
and confirmed that expression of all 3 genes was signifi-
cantly reduced (FIGS. 7A-C). Microvascular ECs 1solated
from IPAH patient lungs harvested at the time of lung
transplantation(12)(Table 1) showed a positive correlation
between FHIT and BMPR2 mRNA expression (FIG. 7D).
Immunohistochemistry staining of FHIT and BMPR2 was

reduced in FPAH and IPAH patients compared to donor
lungs (FIG. 7E, Table 1, FIGS. 17A-17B). While BMPR2
was strongly and

umiformly reduced, as expected i the
presence of a BMPR2 mutation, the more patchy decrease in
FHIT was limited to the neointima and subendothelial layer

(FIGS. 18A-18F, 17A-17B), suggesting an incomplete over-
lap between FHIT and BMPR2 with regards to their gene
expression and potential role in vascular remodeling.

We next determined the expression of these genes in
FPAH patients with a BMPR2 mutation and healthy obligate
BMPR2 carriers to assess whether they may modily disease
penetrance 1n FPAH. A cohort of 7 families with a BMPR2
mutation was selected: 10 patients with a BMPR2 mutation
(P1-8), 10 related healthy, obligate BMPR2 mutation carri-
ers (C1-8) and unrelated healthy controls (Table 1). In
transformed lymphocytes, extracted as previously described
(29), BMPR2 and FHIT mRNA was consistently lower 1n
patients than in healthy carriers (5/7 families), suggesting
that FHIT may modify disease penetrance in BMPR2 muta-
tion carriers (FIG. 7F-1, FIG. 19G-H). BMPR2 and FHIT
levels were, however, variable amongst the families and
different in males and females (FIG. 7H-1, FIG. 19), sug-
gesting that the BMPR2 or FHIT threshold required to
suppress PAH pathogenesis varies by genetic background
and sex.

FIGS. 7TA-7E show that attenuated FHIT expression n
PAH correlated with decreased BMPR2 expression. FIGS.
7A-C depicts qPCR analysis of BMPR2 (FIG 7A) FHIT
(FIG. 7B) and LCK (FIG. 7C) mRNA expression in PBMCs
from endstage PAH patients with negative BMPR2 mutation

status compared to healthy controls (control n=12, PAH n=8,
MeanxSEM, *p<0.05, **p<0.01, ***p<0.0001 vs. control,

Welch’s t-test). FIGS. 7TA-TE show mRNA expression 1n
PBMCs from endstage PAH patients with negative BMPR2
mutation status compared to healthy controls (control n=12,
PAH n=8, MeantSEM, *p<0.05, **p<0.01, ***p<0.0001
vs. control, Welch’s t-test). FIG. 7D, Correlation and linear
regression analysis of BMPR2 and FHIT mRNA expression
in IPAH patient PAECs at time of lung transplant (control
n=6, IPAH n=6, FPAH n=4, control r—-0.7714, PAH
r=0.5410, IPAH r=0.5218, Spearman r, for patient demo-
graphics see Table 1B). FIG. 7E, Representative pulmonary
ant1-BMPR2 and anti-FHIT IHC (HRP—brown staining) in
PAH patient and donor control lung tissue at time of
transplant (n=3, for patient demographics see Table 1C).

FIGS. 7F-7G, qPCR analysis of FHIT and BMPR2 expres-
sion 1n transformed lymphocytes from FPAH patients, non-
allected BMPR2 mutation carriers and healthy controls
(n=10, MeantSEM, *p<0.05, One-Way ANOVA, Dunnett’s
post-test, for patient demographics see Table 1A). FIGS.
7H-71, gPCR analysis of FHIT and BMPR2 expression 1n
transformed lymphocytes from selected families (n=>5,
P=FPAH patients, C=healthy mutation carrier, the arrows
point towards the carriers with consistently increased FHIT
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and BMPR2 compared to their FPAH family members, for
patient demographics see Table 1A).

40

aflect FHIT and LCK expression in PAEC confirming that
BMPR2 1s downstream of FHIT and LCK (FIG. 8C, FIG.

TABLE 1A
%o
Age at Survival  disease
time of  Age at SINCE free BMPR2
Patient 1D Sex study  discovery discovery vears NMD Status Relation
Familyl Pla. M 53 43 10 81 NMD+
Plb F 39 25 14 64 NMD+ 2nd cousin of Pla
Cl I 74 100  NMD+ distant cousin of
Pla and Plb
Clb M 81 100 NMD+ Father of Pla
Family2 P2 F 43 35 8 81 unlikely, not
confirmed
C2 I3 72 100  unlikely, not mother of P2
confirmed
Family3 P3 F 39 2% 11 72 NMD-
C3a M 39 100 NMD- Distant cousin of
P3
C3ib F 50 100 NMD- aunt of P3
Family4 P4 M 50 3% 12 76 NMD+
C4 I3 56 100 NMD+ distant cousin of
P4
Family5 P35 M 49 34 15 69 unlikely, not
confirmed
C3 M 63 100  unlikely, not uncle of P53
confirmed
Family6 P6éa F 63 28 37 43  NMD+ niece of Péb
P6b F 82 64 18 78  NMD+
C6 M 85 100 NMD+ brother of 6b,
uncle of P6a
Family7 P7 F 43 37 11 77 NMD+
C7 M 71 100 NMD+ uncle of P7
unrelated P8 F 34 29 S 34  NMD-
C8 F 67 100 NMD-
Controls Fn=7
Mn=3
35 * * *
TARIFE 1R 8D). Of interest, siFHI'T decreased L.CK expression to 50%,
suggesting a potential interdependence of both modifier
. S renos i Ag? agugme . iﬂmm ] genes (FIG. 8D).
TOU 1aEZ 1105818 CX Ol 8 ACKETO L . . . .
D - . - Results of this study are shown 1n FIGS. 8 A-8M, 1n which
Controls Fn=3 387 *81554  Caucasian 40 MRNA expression and microRNA profiling 1in siFHIT PAEC
Vi =3 0 ;11:1&1 . reveals a potential role for microRNAs miR17-5 and
e 1 miR27a 1n the regulation of BMPR2 signalling by FHIT that
Patients IPAHn=7 Fn=7 351 +28889  Caucasian can be engaged by Enzastaurin. FIGS. 8A-8D, Relative
F}E}?{H n =12 M =3 N 8 mRNA expression of BMPR2 (FIG. 8A), Id1 (FIG. 8B),
. Am;:i:n 45 FHIT (FIG. 8C) and LCK (FIG. 8D) normalised to GAPDH
n=1 in PAECs transiected with an siBMPR2, siFHIT, siLCK or
Hispanic non-targeting control (Ntsi) pool of 4 siRNAs (qPCR,
n=1 Amaxa nucleofection, t=48h, n=3, Mean+SEM, **p<0.01,
#Ikn<0.001, ****p<(0.0001 vs. control, One Way ANOVA,
50 Turkey’s post-test). FIGS. 8E-8F, Relative miR expression
TARIE 1C of miR17-5 (FIG. 8E) and miR100 (FIG. 8F) normalised to
RNU48 in PAECs transfected with an siFHIT, siLCK or
Patient ID  Diagnosis Sex Age  Racial Background non-targeting control (Nts1) pool of 4 siRNAs (qPCR, t=48h
- i — ek
CC015 EPAT] - 23 Caneasan post-transiection, n=3, Mean+SEM, p<0.01,

Example IX. miR17-5 and miR27-a Negatively

Regulate FHIT/BMPR?2 Signaling, Restored by
Enzastaurin

We next identified that FHIT and LCK are upstream
regulators of BMPR2. Knocking down FHIT and LCK in
PAEC with siRNA decreased both, the BMPR2 expression

as well as its downstream signaling, measured by the target
ID1 (FIG. 8A, FIG. 8B). Conversely, siBMPR2 did not
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#aEEH<0.0001 vs. Ntsi control, One Way ANOVA, Dun-
nett’s post-test). FIGS. 8G-81, Relative mRNA expression
of FHIT (FIG. 8G), BMPR2 (FIG. 8H) and Idl (FIG. 8I)
normalised to GAPDH in PAECs incubated with 15 uM
Enzastaurin for 24 hours (qPCR, t=72h post-transiection,
n=3, MeantSEM, ***p<(0.001, ****p<0.0001 vs. vehicle,
unpaired t-test). FIG. 8], Relative mRNA expression of
FHIT normalised to GAPDH 1n PAECs transtected with an
siFHIT or non-targeting control (Nts1) pool of 4 siRNAs,
treated with or without 15 uM Enzastaurin for 24 hours
(qPCR, t=72h  post-transfection, RNAimax, n=4,
Mean+xSEM). FIG. 8K-8L, Relative miR expression of
miR17-5 (K) and miR27a (FIG. 8L) normalised to RINU48




US 11,413,280 B2

41

in PAECs ftreated for 24 hours with or without 15 uM
Enzastaurin transfected with an siFHIT or non-targeting

control (Nts1) pool of 4 siRNAs (qPCR, t=72h post-trans-
tection, n=3, Mean+xSEM, **p<0.01, ****p<0.0001 vs. Ntsi
control, Two Way ANOVA, Dunnett’s post-test). FIG. 8M,
Schematic model of the proposed regulation of BMPR2 by
FHIT.

How FHIT and LCK levels regulate BMPR2 expression
1s unknown. As miRNAs have been shown to play a major
role 1n the regulation of BMPR2 signaling in PAH(30, 31),
we mvestigated whether selected microRNAs would orches-
trate FHIT and LCK mediated regulation of BMPR2 expres-
sion 1n PAECs. We focused on miR17-5 and miR100, both
direct regulators of BMPR2, and miR27a, a readout for
canonical Smad signaling(30, 32). Reductions of FHIT
mRNA by siRNA increased the expression of miR17-5 (3-4
told; FIG. 8E, FIG. 8K) and miR27-a (4-fold; FIG. 8L), but
not miR100 expression (FI1G. 8G). LCK deficiency strongly
increased both miR17-5 and miR100 expression by 8-fold or
2-fold respectively (FIGS. 8E, 8F).

Treatment with Enzastaurin for 24 hours (15 M) increased
FHIT, BMPR2 and Id1 expression in PAECs (FIGS. 8G-I,
FIGS. 20A-20C). Interestingly, Enzastaurin (15 M) was able
to rescue FHIT mRNA knockdown (treatment for 24 h after
knock-down, FIG. 81]), supporting the previous finding that
Enzastaurin potently up-regulates FHIT expression. Further-
more, Enzastaurin inhibited siFHIT-mediated increases in
miR17-5 and miR27a (FIGS. 8K, 8L), providing some
mechanistic 1nsight into how FHIT and Enzastaurin might
regulate BMPR2 levels by modulating miRNA expression
(FIG. 8M). We furthermore showed that reducing miR17-5
using anti-miR transfection 1n addition to siFHIT, increased
BMPR2 and ID1 expression, suggesting that FHIT mediated
BMPR2 modulation 1s 1n part miR17-5 dependent. (FIGS.
21A-21D).

Example X. Enzastaurin Up-Regulates
FHIT/BMPR2 Signaling and Prevents Vascular

Dystunction Induced by FHIT-Deficiency In Vitro

Given that PAH 1s characterized by loss of pulmonary
vessels (33), we investigated how FHI'T expression relates to
inhibition of vessel formation, increased apoptosis, DNA
damage(34, 35) and cell proliferation in PAEC. We therefore
assessed whether decreasing FHIT and BMPR2 expression
in PAEC worsened EC dysfunction and whether treatment
with Enzastaurin for 24 hours could rescue the phenotype.

Results of this study are shown in FIGS. 9A-9], which
show that Enzastaurin increases expression of the BMPR2
upstream signalling molecule FHIT in PAECs and reverses

PAH-specific functional deficits in tube formation, apopto-
s1s, DN A damage and proliferation in FHIT deficient PAEC.

FIGS. 9A-9B, Matrigel tube formation assay in siFHIT
PAEC rescued by 15 uM Enzastaurin for 24 hours (t=48h
post-transiection, Amaxa nucleofection, Ntsi 43.3%5.9,
siBMPR2 8.7x1.5, siFHIT 11.0x£2.6 tubes/average of 35
fields (20x), n=3, MeanxSEM, ***p<0.001 vs. Ntsi, One-
Way ANOVA, Dunnett’s post-test, bars denote 1 mm). FIG.
9C, Caspase 3/7 luminescence 1 siBMPR2 and siFHIT
PAEC rescued by 15 uM Enzastaurin (t=48 h post-transiec-
tion, RNAimax, Caspase-Glo® 3/7 Assay, n=3,
Mean+SEM, *En<0.0001 vs.  Ntsi,  #p<0.03,
#H#AAP<0.0001 vs. untreated control, One-Way ANOVA,
Dunnett’s post-test). FIGS. 9D-E, vH2AX staining 1n
s1iIBMPR2 and siFHIT PAEC rescued by 10 uM Enzastaurin
for 24 hours (t=72h post-transiection, Dharmafect, n=3,
Mean+xSEM, **p<0.01 vs. Ntsi1, #p<<0.05 vs. untreated con-
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trol, One-Way ANOVA, Dunnett’s post-test). Quantified
area=% of cells that show nuclear yYH2AX staining quanti-

fied with automated software (white nuclei=positive stain,
ogrey nuclei=background stain). FIG. 9F, Total cell counts
and % Trypan Blue+PAEC cultured 1in varying concentra-
tions of Enzastaurin (n=3, One Way ANOVA, *p<0.05,
*#n<0.01 vs. untreated control). FIGS. 9G-9H, MTT pro-
liferation assay in Enzastaurin-treated (0.5-50 M) 1n PASMC
and PAEC, respectively. (n=3). FIGS. 9I-9], MTT prolifera-
tion assay 1n Enzastaurin-treated (5 M) siFHIT and
siBMPR2 transfected PASMC compared to Nts1 control,
respectively. (n=3).

Loss of FHIT and BMPR2 impaired PAECs tube forma-
tion 6 hours after cells were seeded 1 a Matrigel tube
formation assay(12) compared to cells treated with control
Nts1 (FIG. 9A, FIG. 9B). Enzastaurin treatment fully
reversed the defects 1n tube formation 1n FHIT- and BMPR2-
deficient PAECs after 24 hours, 1n accordance with its ability
to mcrease FHI'T expression at this time point (FIG. 91J).

As a cumulative wviability measurement, we quantified
caspased/7 activity, using the luminescent Caspase-Glo®3/7
assay(36) and DNA damage, using histone H2AX phospho-
rylation by i1mmunofluorescence and quantification as
nuclear area staining (%) by confocal microscopy(34, 35,
3’7). Reducing FHIT and BMPR2 mRNA activated caspases
in PAECs 48 hours post-transiection (FIG. 9C), while
Enzastaurin decreased siBMPR2 and siFHIT-induced PAEC
apoptosis. Reducing FHIT levels increased DNA damage
alter 48 hours about 4-fold to Nts1 controls (FIGS. 9D, 9E),
comparable to the degree of DNA damage observed in
previous PBMC studies for PAH patients(35). DNA damage
induced by FHIT or BMPR2-loss was significantly attenu-
ated by Enzastaurin in PAECs. PAEC proliferation was
assessed via an MT'T proliferation assay and hemocytometer
cell counts(36). Enzastaurin did not elicit cell toxicity by
Trypan Blue viability assay. We rather observed increased
cell numbers following treatment with Enzastaurin (up to 50
uM), likely reflecting decreased apoptosis, as no increase 1n
PAEC proliferation was detected (FIGS. 9F,9G).

Given the role of SMCs 1n medial hypertrophy and
vascular remodelling 1n PAH, we determined that reductions
in FHIT (FIG. 9H.,I), but not BMPR2 (FIG. 9]), increased
PASMC proliferation 1n vitro (FIG. 91) that was rescued by
Enzastaurin. We conclude from these data that FHIT loss
promotes PAEC and PASMC dysfunction, which can be
improved by Enzastaurin in a FHIT and BMPR2-dependent
manner. The stronger beneficial effect of Enzastaurin on
PAEC—compared to PASMC-function might be explained
by the stronger expression of BMPR2 in PAECs, which
might make them more responsive to BMPR2 modulating
therapies.

Example XI: FHIT-Deficiency In Vivo Predisposes
to Exaggerated Pulmonary Hypertension in
Response to Hypoxia

Reduced FHIT in PAH patients and the importance of
adequate FHIT levels in EC and SMC function led us to
determine whether FHIT loss predisposes to PH in vivo.
Fhit—/- mice and WT littermates (8 weeks of age, male/
temale) were exposed to chronic hypoxia (10%) for 3 weeks
followed by a recovery period 1n normoxia (21%, 4 weeks)
(38, 39). PH was assessed by measurement of RV systolic
pressure (RVSP) through the right jugular vein. Animals
were sacrificed and tissue collected at 3 and 7 weeks
respectively. RV hypertrophy (RVH) was assayed using the
weight ratio of RV to left ventricle and septum weight
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(RV/LV+S). C57BL/6 wildtype mice displayed a stereotypi-
cal adaptation response to hypoxia, with increases in RVSP

(FIG. 10A, FIG. 18A), RVH (FIG. 10B, FIG. 18B), vascular
rarefaction 1n arterioles and venules (FIGS. 10D, 18C) and
increased muscularization (FIG. 10E, FIG. 18D), all revers-
ible upon return to room air. In contrast, Fhit—/- mice
displayed an exaggerated increase in RVSP and RVH,
increased vascular rarefaction and muscularization in hyp-
oxia, with mcomplete resolution after 4 weeks normoxia
(FIGS. 10A-10F, FIGS. 18A-F) yet no RV fibrosis (FIG. 22).
Furthermore, baseline muscularization extended into more
distal vessel generation 1n Fhit-/— mice (7-10 generations)
compared to littermate controls (FIG. 10G-10H), where no
muscularized vessels were observed beyond generation 7
(40). Of note, we discovered a sex difference in the degree
of baseline RVSP, RVH, wvascular rarefaction and small
vessel muscularization (for detailed description see supple-
ment).

As expected, FHIT protein was signmificantly decreased 1n
Fhit—/- lungs 1n all conditions. Chronic hypoxia decreased
BMPR2 protein in Fhit-/- lungs, correlating with the
observed RVSP and RVH increases in chronic hypoxia in
Fhit—/— mice (FIG. 101). Surprisingly, Fhit—/— mice exposed
to hypoxia and treated with Enzastaurin (5 mg/kg/day via
mim osmotic pump) showed an improved PH as well as
increased BMPR2 and ID1 expression 1n whole lung tissue.
As expected, FHIT mRNA expression was unmeasurably
low, suggesting additional FHIT independent mechanisms
of Enzastaurin on BMPR2 modulation (FIG. 23B).

Enzastaurin Prevents PH 1n Mice Exposed to Chronic Hyp-
0X1a

(Given Enzastaurin’s ability to increase FHIT and BMPR?2
levels as well as 1ts beneficial eflfect on endothelial and
smooth muscle cell dystfunction, we used Enzastaurin 1n 1n
vivo rodent models to assess its propensity to prevent or
reverse experimental PH and vascular remodeling. Due to
the increased severity of PH in male Fhit-/— mice in
hypoxia, we used Enzastaurin exclusively in male animals.
As a pilot prevention model, we exposed Bmpr2+/— mice
and wildtype littermates (8 weeks of age) to hypoxia (10%)
for 3 weeks with a subcutaneously implanted mini-osmotic

pump, supplying 15 mg/kg/day Enzastaurin or vehicle.
Enzastaurin prevented RVSP and RVH increases (FI1G. 24 A,

24B), vascular rarefaction as well as muscularization of

distal vessels (FI1G. 24C, 24D) 1n Bmpr2+/- and wildtype
mice. We fTurthermore treated C57BL6 mice exposed to 3
weeks hypoxia with either FK506 (0.05 mg/kg/d), Enzastau-
rin (5 mg/kg/d) or a combination of both and documented an

additive effect of FK306 and Enzastaurin with regards to
prevention of PH (as measured by RVSP), BMPR2 as well

as ID1 expression (FIGS. 25A-25D).

Example XII. Enzastaurin Reverses Experimental
PH 1n SUGENS5416/Hypoxia/Normoxia Rats

As a reversal model, we employed the SUGENS5416/

Hypoxia/Normoxia rat model, which mimics human end-
stage PAH well, with extensive vascular remodeling. Data
for this experimented are summarized 1n FIGS. 11A-11K.
Sprague Dawley rats, were subcutaneously injected with
20 mg/kg SUGENS5416 once and housed 1n chronic hypoxia
(10%, 3 weeks), followed by 5 weeks in normoxia as
previously described(41). 8 weeks alter subcutaneous
SUGENS5416 1njection, rats received daily oral gavage with
5 mg/kg/day Enzastaurin or vehicle control for 3 weeks.
Hemodynamic assessment of the animals (echocardiogra-
phy, right heart catheter) was performed before sacrifice and
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tissue collection. Rats developed severe obliterative “end-
stage” PH that was characterized by luminal obliteration and

right heart failure (FIG. 11D-H, FIG. 26). Consistently with
the histological observations, RVSP (>100 mmHg) and RVH
were severely increased in SUGENS5416-mnjected rats
(FIGS. 11A-11B), and increased interstitial fibrosis was
observed 1in the RV 1n these animals (FIGS. 111-11K).

Data for this experiment are shown 1n FIGS. 11A to 11K,
and show that Enzastaurin reverses hemodynamic param-
eters, severe vascular remodelling, pulmonary emphysema,
cardiac fibrosis and RVH 1 SUGEN 5416/hypoxia rats.
Experimental PH was induced in male Sprague Dawley rats
by subcutaneous injection of 20 mg/kg body weight
SU3416. Animals were housed for 3 weeks 1in hypoxic (Hx,
10% O,) conditions, followed by a 5-week period 1n nor-
moxia (Nx, 21% O,), following daily administration of 5
mg/kg body weight Enzastaurin or vehicle control by oral
gavage. FIG. 11 A, Right ventricle systolic pressure (RVSP)
was measured by pulmonary artery catheterisation (n=4,
MeanxSEM, **p<0.01 vs. Nx control, One Way ANOVA,
Sidak’s post-test). FIG. 11B, Right ventricle (RV) hypertro-
phy 1s demonstrated by the weight ratio of RV to left
ventricle and septum (n=4, Mean+SEM, **p<0.01 vs. Nx
control, #p<0.05 vs. vehicle control, Two Way ANOVA,
Turkey’s post-test). FIG. 11C, Ratio of alveolar wall (AW)
and alveolar duct (AD) pulmonary vessels, FIG. 11D, their
tull or partial occlusion (%) and, FIG. 11E, their full or
partial muscularization (%) was assessed 1n MOVAT stained
lung sections (n=4, Mean+SEM, ***¥*p<(0.0001 vs. NXx
control, ##Hp<0.001, #HH##AP<0.0001, vs. vehicle control,
Two Way ANOVA, Turkey’s post-test). FIG. 11F, Repre-
sentative MOVAT lung histology, highlighting large pulmo-
nary vessels. F1G. 11G, Relative mRNA expression of FHIT
or BMPR2 normalised to GAPDH in whole lung tissue
(qPCR, n=4, Mean+SEM, Two-Way ANOVA). FIG. 11H,
Representative MOVAT lung histology, presenting vessel
occlusion. FIG. 111, Percentage of fibrotic tissue compared
to total tissue in the RV (n=4, Mean=SEM, **p<0.01 vs. Nx
control, ##p<0.01 vs. vehicle control, Two Way ANOVA,
Turkey’s post-test). FIGS. 11J-11K, Representative
trichrome stains of whole RV histology (FIG. 11J) and
magnified sections (FIG. 11K) are displayed.

Treatment with Enzastaurin increased FHIT and BMPR2
expression 1 whole lung (FIG. 11G), nearly entirely
reversed vascular occlusions (FIG. 11D), and potently
reduced muscularization of small and large vessels (FIG.
11E), as well as RVH (FIG. 11B) and RV fibrosis (FI1G. 111).
RVSP was reduced by over 30 mmHg in Enzastaurin-treated
SUGENS5416/Hypoxia/Normoxia rats.

Example XIII. Enzastaurin Reverses Pulmonary
Emphysema in SUGEN 3416/Hypoxia Rats

Experimental PH was imduced in male Sasco Sprague
Dawley rats by subcutaneous injection of 20 mg/kg body
weight SU5416. Animals were housed for 3 weeks in
hypoxic (Hx, 10% O,) conditions, followed by a S-week
period 1n normoxia (Nx, 21% O,), following daily admin-
istration of 5 mg/kg body weight Enzastaurin or vehicle
control by oral gavage.

Linear mtercept analysis of MOVAT lung histology (n=4,
MeanxSEM, *p<t0.05 vs. Nx control, ##p<0.01 vs. vehicle
control, Two Way ANOVA, Turkey’s post-test). Represen-
tative MOVAT lung histology, presenting emphysematous
changes (as marked by arrows) and vessel occlusion. As the
data in FIGS. 27A and 27B show, Enzastaurin treated
amimals exhibit significantly less evidence of emphysema-
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tous changes and vessel occlusion than untreated controls,
showing that Enzastaurin can reverse lung tissue damage

associated with emphysema.

Supplemental Examples

Example S1

Fhit—/— C57BL/6 vs. littermate wildtype (C57) mice were
housed tor three weeks in normoxic (Nx, 20% O.,), hypoxic
(Hx, 10% O,) conditions, a hypoxia-recovery (Rec, 3 weeks
Hx/4 weeks Nx) period for 4 weeks, compared to 7 weeks
Nx controls. Representative densitometric analysis of FHIT
protein expression 1n lung tissue normalised to a [(-actin
housekeeping control (male, C57 n=3, Fhit-/- Nx n=3,
Fhit—-/- Hx n=5, Fhit-/- Rec n=4). All bars denote
MeanzSEM. ****p<(0.0001 vs. C57 control, Two Way
ANOVA, Turkey’s post-test. Data for this experiment are
summarized in FIG. 12.

Example S2

Experimental PAH was induced 1n male Sasco Sprague
Dawley rats by subcutaneous injection of 20 mg/kg body
weight SU3416. Animals were housed for 3 weeks in
hypoxic (Hx, 10% O,) conditions, followed by a 5 week
period 1n normoxia (Nx, 20% O,), following daily admin-
istration of 5 mg/kg body weight Enzastaurin or vehicle
control by oral gavage. Densitometric analysis of PKC (FIG.
13A) and p-PKC (FIG. 13B) protein expression in lung
tissue normalised to a -actin housekeeping control (male,
Nx n=4, Nx Enz n=4, SuHx n=3, SuHx Enz n=5) and p-PKC
normalised to PKC (FIG. 13C). Representative blots of
PKC, p-PKC and f-actin (FIG. 13D). All bars denote
Mean=SEM. Two Way ANOVA, Turkey’s post-test.

Example S3

Human PAEC were plated on 6 well plates. When being
70-80% confluent, cells were treated with Enzastaurin at 0.5
mM, 5 mM and 15 mM respectively for 24 hours. RNA was
isolated by RNeasy® Plus M1 Kit (Qiagen) and Fhiut,
BMPR2 and Idl gene expression was measured by

Tagman® gene expression assay. (FIG. 14A) Relative
expression of FHIT (FIG. 14B) BMPR2, (FIG. 14C) ID1.

All bars denote MeanxSEM., n=3, One Way ANOVA,
Dunnet’s comparison test *p<0.05, **p<t0.01 compared to
control.

Example S4

FIGS. 15A-15B, Relative mRNA expression of BMPR2
normalised to GAPDH 1n synchronised PAECs incubated
for 24 hours with varying concentrations (5 nM -5 uM) of
(FIG. 15A) the selective PKC[ mhibitor Ly3333531 hydro-
chlonnde (FIG. 15B) or the non-selective PKC-inhibitor
GF109203X (gPCR, t=24h, n=3, Mecan+SEM, One Way
ANOVA, Dunnett’s post-test, NS) FIGS. 15C-13D, Rela-
tive mRNA expression of Idl normalised to GAPDH in
synchronised PAECs incubated for 24 hours with varying
concentrations (5 nM-5 M) of (FIG. 15C), the selective
PKC{ mhibitor Ly333531 hydrochloride (FIG. 15D) or the
non-selective PKC-inhibitor GF109203X (FIG. 135F)
(qPCR, t=24h, n=3, MeanxSEM, One Way ANOVA, Dun-
nett’s post-test, NS). FIGS. 15E-15F, Relative mRNA
expression of FHIT normalised to GAPDH 1n synchronised
PAECs incubated for 24 hours with varying concentrations
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(5 nM-5 uM) of (FIG. 15E), the selective PKC{} 1nhibitor
L.y333531 hydrochloride (FIG. 15F) or the non-selective
PKC-inhibitor GF109203X (I) (qPCR, t=24h, n=3,
MeanxSEM, **p<t0.01, vs. vehicle control, One Way
ANOVA, Dunnett’s post-test).

Example S5

Caspase 3/7 luminescence 1n synchronised PAECs 1incu-
bated for 24 hours with 5 uM or 15 uM of Enzastaurin
(shaded bars) and/or 5 uM of the selective PKCp inhibitor
L.y333531 hydrochloride or 5 uM of the non-selective PKC-
inhibitor GF109203X (=24 h, Caspase-Glo® 3/7 Assay,
n=3, MeanxSEM, *p<0.05, ***p<0.001, ****p<0.0001 vs.
non-Enzastaurin  treated control, ##H##p<0.0001 vs.
untreated vehicle control, Two-Way ANOVA, Dunnett’s
post-test). See FIG. 16.

Example S6

Representative Immunohistochemistry slides from IPAH
patient (without a BMPR2 mutation). FIG. 17A: BMPR2
expression, FIG. 17B: FHIT expression. FHIT reduction 1s
mainly localized 1n neointima.

Example S7

Female Fhit—/— C57BL/6 vs. littermate wildtype (C57)
mice were housed for three weeks 1n normoxic (Nx, 20%
O,), hypoxic (Hx, 10% O,) conditions, a hypoxia-recovery
(Rec, 3 weeks Hx/4 weeks Nx) period for 4 weeks, com-

pared to 7 weeks Nx controls. Data are shown in FIGS.
18A-18F: FIG. 18A, Right ventricle systolic pressure

(RVSP) was measured by pulmonary artery catheterisation
(female, C57 n=3, FHIT —/- Nx n=4, FHIT -/- Hx Rec
n=3). FIG. 18B, Right ventricle (RV) hypertrophy 1s dem-
onstrated by the weight ratio of RV to leit ventricle and
septum (RV/LV+S) (female, C57 n=3, Fhit-/— Nx n=4,
FHIT -/- Hx n=3, Fhit-/- Rec n=5). FIG. 18C, Loss of
alveolar wall (AW) and alveolar duct (AD) pulmonary
vessels. FIG. 18D, Full or partial muscularization (%) of AW
or AD vessels was assessed in MOVAT stained lung sections
(female, C57 n=3, Fhit—/- Nx n=4, Fhit-/— Hx Rec n=3).
FIGS. 18E-18F, Representative MOVAT lung histology rep-
resenting vessel loss of small distal vessels (FIG. 18E) or

vessel muscularization (FIG. 18F). Arrows indicate vessel
position. *p<t0.05, **p<0.01, ***p<0.001, ****p<(.0001

vs. Nx control, #p<0.05, ###p<0.001, ###p<0.0001 vs.
C57 control, Two Way ANOVA, Turkey’s post-test.

Example S8

gPCR mRNA analysis of FHIT 1s summarized in FIGS.
19A-19H: (FIGS. 19A-19C) and BMPR2 (FIGS. 19D-F)
expression in transformed lymphocytes from selected fami-
lies with FPAH patients and healthy mutation carrier com-
pared to healthy controls analyzed for females (FIGS. 19B,
19E), males (FIGS. 19C, 19F) and combined subjects
(FIGS. 19A,19D). N=10, MeantSEM, *p<0.05, One-Way

ANOVA, Dunnett’s post-test, for patient demographics see
Table 1. (FIGS. 19G, 19H) Graphic display of BMPR2 and

FHIT expression in FPAH patients compared to the carriers
of the same family. Pawred t-test p=0.0054 BMPR2,

p=0.0026 FHIT.

Example S9

Human PAEC were plated on the 6 well plates (0.5x10°
cells/well) and transfected with siFhit (Ambion Silencer®
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Select, P/N 4392420) 100 nM and then treated with Non-
targeting siRNA 100 nM by RNAiMax (Invitrogen) for 48
hours. Cells were then treated with Enzastaurin 15 uM for 24
hours. RNA was 1solated by RNeasy® Plus Mini Kit (Qia-
gen) and analyze Fhit, BMPR2 and Id]l gene expression by
Tagman® gene expression assay (Invitrogen. Fhit, BMPR2
and Id1 gene expression was measured using Tagman® gene
expression assay). FIG. 20A: Relative expression of FHIT,

FIG. 20B: BMPR2, FIG. 20C: ID1. All bars denote
Mean+SEM., n=3, One Way ANOVA, Sidack’s mult1 com-
parison test ****p<(0.0001, **p<0.01 Ntsi1 vs siFHIT,
##Ap<0.0005, ## P<0.01 siFHIT vs siFHIT+Enz.

Example S10

Reduction of BMPR2 and ID1 1n PAEC by FHIT knock-
down 1s 1 part miR17-5 dependent. Human PAEC were
plated on the 6 well plates (0.5x10° cells/well) and trans-
fected with siFhit (Ambion Silencer® Select, P/N 4392420)
100 nM and anti-miR 17-5 inhibitor (AM12412, Ambion)
by RNAi1Max for 48 hours. Anti-miR MiRNA inhibitor was
used as the negative control (AM17010, Ambion)l. MiRNA
was 1solated by TagMan® miRNA ABC purification kit and
the 1solated miRNA was analyzed using Tagman®
MicroRNA assays. Fhit, BMPR2 and Id1 gene expression
was measured using Tagman® gene expression assay; data
are shown 1n FIG. 21A: Relative expression of miR17.5;
FIG. 21B: FHIT; FIG. 21C: BMPR2; and FIG. 21D: ID1. All
bars denote MeanxSEM., n=3, *p<0.05, **p<0.01,
#HE<0.001 vs. Ntsi, One Way ANOVA, Turkey’s post-test,
#p<t0.05 vs. NtMir, unpaired Student’s t test,

Example S11

WT and FHIT —/- C57BL/6 mice do not develop RV
fibrosis following hypoxic treatment. Male Wildtype and
FHIT-/- C57BL/6 (C57) mice were housed for three weeks
in hypoxic (Hx, 10% O,) conditions and a hypoxia-recovery
(Rec, 3 weeks Hx/4 weeks Nx) period for 4 weeks. Repre-
sentative Trichrome heart histology 1s shown. Fibrosis 1s
indicated by the blue colour. The RV and LV+Septum had to
be separated from each other for weight RV/LV+Septum
assessment. See FIG. 22.

Example S12

Enzastaurin protects from increased RVSP and up-regu-
lates BMPR2/Id1 mRNA in hypoxia in FHIT —/- mice. Male
FHIT-/- C57BL/6 (C37) mice were exposed to three weeks
in hypoxic (Hx, 10% O,), treated with Enzastaurin or
vehicle (saline) control at a concentration of 5 mg/kg body
weight by mini-osmotic pump (Alzet model 2004). See FIG.
23 A, Right ventricle systolic pressure (RVSP) was measured
by pulmonary artery catheterisation (n=3, MeantSEM,
*p<0.05 vs. Sham control, unpaired Student’s t test). FIGS.
23B-23C, AACt analysis of mRNA expression 1n lung tissue.
(n=3, MeantSEM, *p<0.05, **p<0.01 vs. Sham control,

unpaired Student’s t test). Abbreviations: Enz —Enzastaurin

Example S13

Enzastaurin prevents the development of hypoxia-in-
duced experimental PAH 1 C357BL/6 mice. Male Wildtype

and Bmpr2+/-C37BL/6 (C37) mice were housed for three
weeks 1n normoxic (Nx, 20% O,) and hypoxic (Hx, 10% O,)
conditions, treated with or without daily administration of 5
mg/kg Enzastaurin by oral gavage/Alzet mini-osmotic pump
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model 2006. Data are summarized in FIGS. 24A-24G: FIG.
24 A, Right ventricle systolic pressure (RVSP) was measured
by pulmonary artery catheterisation (n=3, MeantxSEM,
*#n<0.01 vs. Nx control, One Way ANOVA, Sidak’s post-
test). F1G. 24B, Right ventricle (RV) hypertrophy 1s dem-
onstrated by the weight ratio of RV to left ventricle and
septum (n=3, Mean+SEM, #p<0.05 vs. vehicle control, Two
Way ANOVA, Turkey’s post-test). FIG. 24C, Loss of alveo-
lar wall (AW) and alveolar duct (AD) pulmonary vessels and
FIG. 24D, their full or partial muscularization (%) was
assessed 1m  MOVAT stammed lung sections (n=3,

Mean+SEM, *p<0.05 wvs. C57 control, ##p<0.01,
#p<0.001 vs. vehicle control, Two Way ANOVA, Tur-
key’s post-test). FIG. 24E, Representative MOVAT lung
histology. Arrows indicate vessel position. FIGS. 24F-24G,
Representative MOVAT lung histology of large (FI1G. 24F)
and small vessels (FIG. 24G) respectively. Arrows indicate
vessel position.

Example S14

FK506 and Enzastaurin have additional effects on
BMPR2/Id1, but not FHIT mRNA 1n wildtype CS7BL/6

mice 1n hypoxia, protecting from increases in RVSP. Male

Wildtype C57BL/6 (C37) mice were exposed to three weeks
in hypoxic (Hx, 10% O,), and treated with 5 mg/kg body
weight Enzastaurin or vehicle control (saline) with or with-
out 0.05 mg/kg/d FK506 by mini-osmotic pump (Alzet
model 2004). Results are depicted 1n FIGS. 25A-25D: FIG.
25A, Right ventricle systolic pressure (RVSP) was measured
by pulmonary artery catheterisation (n=3, Mean+SEM,
*#n<0.01 vs. Sham control, One Way ANOVA, Dunnett’s
post-test). FIGS. 25B-25D, AACt analysis of mRINA expres-
sion 1n lung tissue. (n=3, MeanxSEM, *p<0.05, **p<0.01,
#3%n<0.001 vs. Sham control, One Way ANOVA, Dunnett’s
post-test). Abbreviations: FK—FK506, Enz—Fnzastaurin.

Example S15

Representative MOVAT lung histology in Sprague Daw-
ley rat lungs, comparing Normoxia and Sugen/Hypoxia
conditions after 3 weeks of Enzastaurin treatment.

Experimental PAH was induced in male Sasco Sprague
Dawley rats by subcutaneous injection of 20 mg/kg body
weight SU3416. Amimals were housed for 3 weeks in
hypoxic (Hx, 10% O,) conditions, followed by a 5 week
period 1n normoxia (Nx, 20% O,), following daily admin-
istration of 5 mg/kg body weight Enzastaurin or vehicle
control by oral gavage. Representative MOVAT lung histol-
ogy of small pulmonary vessels are shown 1 FIG. 26.
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The mnvention claimed 1s:

1. A method for preventing and/or treating pulmonary
hypertension and/or emphysema 1n a subject 1n need of
prevention and/or treatment, which method comprises
administering an eflective amount of Enzastaurin, wherein
the eflective amount of Enzastaurin is administered to a
subject to reduce systemic blood pressure of said subject or
the treatment reduces meanPAP pulmonary artery pressure
(PAPm) below 20 mmHg, PVR below 3 WU, and/or PAWP
(pulmonary artery wedge pressure) above 15 1n said subject.

2. The method of claim 1, wherein the pulmonary hyper-
tension belongs to WHO Group I, pulmonary arterial hyper-
tension (PAH); WHO Group I', pulmonary veno-occlusive
disease (PVOD) or pulmonary capillary hemangiornatosis
(PCH); WHO Group I", persistent pulmonary hypertension
of the newborn; WHO Group 11, pulmonary hypertension
secondary to left heart disease; WHO Group 111, pulmonary
hypertension due to lung disease or chronic hypoxia, WHO
Group IV, chronic arterial obstruction; or WHO Group V,
pulmonary hypertension with unclear or multifactorial
mechanisms.

3. The method of claim 1, wherein the pulmonary hyper-
tension or emphysema develops spontancously in a subject,
the pulmonary hypertension or emphysema develops based
on the genetic background of a subject or the pulmonary
hypertension or emphysema develops due to or 1n associa-
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tion with another disease or disorder, such as secondary to
chronic obstructive pulmonary disease (COPD).

4. The method of claim 1, wherein the Enzastaurin
up-regulates FHIT and/or bone morphogenetic protein
receptor type-2 (BMPR2) 1n a subject.

5. The method of claim 1, wherein the Enzastaurin
prevents and/or treats pulmonary hypertension and/or
emphysema 1ndependent of PKC 1nlibition 1n a subject.

6. The method of claim 1, wherein the FEnzastaurin
prevents and/or ftreats pulmonary hypertension and/or
emphysema by improving right ventricular systolic pressure
(RVSP), RV hypertrophy, cardiac fibrosis and/or vascular
remodeling 1n a subject.

7. The method of claim 1, wherein the Enzastaurin
prevents and/or treats pulmonary hypertension and/or
emphysema by preventing or reducing RVSP increase, RVH
increase, vascular rarefaction, muscularization and/or
neointima formation of distal vessels 1n a subject.

8. The method of claim 1, wherein the eflective amount of
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Enzastaurin 1s administered to a subject having or suspected »g

of having an end-stage PH.

9. The method of claim 1, wherein the subject having or
suspected of having a low level of BMPR2 or having or
suspected of having a BMPR2 mutation.
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10. The method of claim 1, wherein the subject has or 1s
suspected of having a low level of FHIT or having or
suspected of having a FHIT mutation.

11. The method of claim 1, wherein the Enzastaurin 1s
administered at a dosage ranging from about 5 mg/day to
about 1,000 mg/day or the Enzastaurin 1s administered at a

dosage to obtain an 1n vivo level ranging from about 20
nmol/L. to about 6,000 nmol/L.

12. The method of claim 1, which further comprises
administering an eflective amount of a second prophylactic
or therapeutic agent for preventing and/or treating pulmo-
nary hypertension and/or emphysema in a subject, wherein
the second prophylactic or therapeutic agent for preventing
and/or treating pulmonary hypertension 1s a vasoactive
substance, a prostaglandin, an endothelin receptor antago-
nist, a phosphodiesterase type 5 mhibitor or an activator of
soluble guanylate cyclase, and the second prophylactic or
therapeutic agent for preventing and/or treating emphysema
1s a bronchodilating medication, a steroid medication or an
antibiotic.

13. The method of claim 1, wherein the subject 1s a
human.
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